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ABSTRACT

The current assessment represents the initial attempt to conduct an analytical assessment of the
Georges Bank winter flounder stock. The Georges Bank population of winter flounder is a
discrete offshore stock distributed in the shallower areas of the bank complex. The stock is
exploited by both directed otter trawl fisheries and as bycatch in large and small mesh otter trawl
and scallop dredge fisheries targeting other species. Recent management measures have been
directed at other principal groundfish species or the entire groundfish complex, but management
© actions mcluding seasonal and year round area closures, mesh size restrictions, effort controls,
and retention restrictions on specific gear sectors likely have a significant effect on the Georges
Bank winter flounder resource.

The Georges Bank winter flounder stock has been exploited by U.S., Canada, and distant water
fleets historically, but the U.S. fishery has generated most of the reported landings since 1970.
Landings during the 1970s and 1980s ranged between 2,000 and 4,000 mt, but declined to
approximately 1,700 mt in 1993. Otter trawl gear accounts for greater than 95% of landings in
most years, although the proportion of landings from the scallop dredge sector increased in the
early 1990s. Discards are known to occur in both the otter trawl and scallop dredge fisheries.
Although available data were inadequate to either estimate the magnitude of discards or
characterize their size or age distribution, information from sea sampling observations indicates
that discards are a relatively low proportion of the total catch in the otter trawl fishery.

Landings per unit effort indices for all trips landing winter flounder and directed trips declined
between the mid-1970s and early 1990s. U.S. and Canadian research vessel survey indices are
highly variable, but appear to indicate a significant decline in abundance and biomass between
the early 1980s and early 1990s. '

A Virtual Population Analysis calibrated with research vessel survey indices indicates strong year
classes in 1980 (8.2 million), 1985 (6.6 million), 1987 (7.4 million), and 1994 (5.4 million) based
on age 2 recruitment numbers. Spawning stock biomass declined from 8,300 mt in 1982 to 2,000
mt in 1994 and has increased to 3,500 mt in 1997. There is little apparent relationship between
stock and recruitment. Age 2 recruitment from the 1995 and 1996 year classes is poor, and the
1996 year class {0.77 million) is the weakest in the time series. The average fishing mortality
rate {ages 4-6, unweighted) increased from approximately 0.5 in 1982 to above 1.0 in 1984, and
ranged between 0.66 and 1.36 in the mid-1980s to early 1990s. The fishing mortality rate
declined to below 0.5 in 1994 and has ranged between 0.32 and 0.53 through 1997.

A vield per recruit analysis estimates F,; = 0.21 and F, = 0.42, and an SSB per recruit analysis
estimates F,y, = 0.47. An unconstrained surplus production analysis estimates MSY as 3,100 mt
and the stock biomass at MSY (B,sy)of 11,400 mt. The Sustainable Fishery Act (SFA) harvest
control rule was re-estimated and at the current biomass proxy, the corresponding fully recruited
threshold and target fishing mortality rates are 0.04 and 0.03, respectively. Relative to the SFA
harvest control rule, the stock was tn an overfished condition and overfishing was occurnng

{F 005 = 0.34). Short-term stochastic projections indicated that SSB will increase slightly (3%)
between 1999 and 2000 if the stock is fished at F,,, = 0.47 in 1999, and increase between 13%
(Fig0s = 0.34) and 44% (F = 0.00) 1f fished at lower levels.



INTRODUCTION

Georges Bank winter flounder (Psueudopleuronectes americanus) is a demersal flatfish species
distributed in the Northwest Atlantic from Labrador to Georgia {Bigelow and Schroeder 1953,
Klein-MacPhee 1978). Although primarily distribution in shallow inshore waters where
estuarine habitat serves as important spawning and nursery areas, winter flounder are also
distributed on some shallow offshore banks mcluding Nantucket Shoals and Georges Bank
principally in waters shallower than 80 m in depth. Adult winter flounder feed primarily on
benthic invertebrates including annelids (predominately polychaetes), Cnidarids, and Anthoza
{Langton and Bowman 1981). Principal predators include striped bass (Morone saxatilis),
bluefish (Pomatomus saltatrix), goosefish (Lophius americanus), spiny dogfish (Squalus
acanthias), and sea raven (Hemitripterus americanus) (Dickie and McCraken 1955, Grosslein
and Azarovitz 1982). Spawning peaks on Georges Bank during March and April, as evidenced
by the presence of spawning condition fish in the Northeast Fisheries Science Center (NEFSC)
Spring research vessel bottom trawl survey and high densities of eggs and larvae detected by
NEFSC icthyoplankton surveys. -

Stock Structure

Evidence from tagging data, differences in life history characteristics, and menistic studies
provide evidence for discrete stocks of winter flounder in the U.S. waters of the Northwest
Atlantic. Winter flounder on Georges Bank have considerably higher growth rates than fish from
mshore waters (Bigelow and Shroeder 1953, Lux 1973); and historically, the Georges Bank stock
was considered as a separate species (Psudopleuronectes dignabilis; Kendall 1912). Meristic
studies indicate that fin ray counts differ for fish from Georges Bank and inshore areas indicating
further evidence for a discrete offshore stock of winter flounder on Georges Bank (Perlmutter
1947, Lux er al. 1970). Extensive tagging studies of winter flounder indicate little mixing of fish
between Georges Bank and inshore areas (Coates er al. 1970, Howe and Coates 1975), providing
further evidence for discrete stock structure (Pierce and Howe 1977).

For the purposes of this assessment, the Georges Bank stock was defined to include U.S.
statistical arcas 522-525, 551, 552, 561, and 562 (Figure 1) which corresponds approximately to
NAFGO subarea 5Zh,j,m&n. Corresponding survey data include NEFSC offshore survey strata
01130 to 01220, NEFSC offshore strata 01230 appears to include a mix of winter flounder from
the Southerm New England/Mid Atlantic stock complex and the Georges Bank stock, and
therefore was not included in survey analyses for this assessment. Canadian survey strata include
strata 571 to 5Z8. ' '

Fishery Description

Winter flounder, also known as blackback or lemon sole within the commercial fishery sector,
are harvested primarily using otter trawl gear, and landings occur in both targeted landings and as
bycatch 1n fisheries targeting other species. Bycatch landings and discards occur in trawl
fisheries targeting other groundfish species and scallop dredge fisheries. Although recreational
landings are a significant source of fishing mortality in inshore waters for the Southern New
England stock complex, recreational landings from the Georges Bank stock are insignificant and
are not included in this assessment.




Management History

Over the past 25 years, management of the commercial fishery for Georges Bank winter flounder
has focused on minimum size limits and management measures {(seasonal and year round area
closures, mesh size regulations, effort control measures, and fleet capacity reduction programs)
primarily intended to address management needs for other demersal species (Atlantic cod,
haddock, and yellowtail flounder). Seasonal spawning closures of haddock spawning grounds,
which increased in temporal and spatial coverage since their inception in 1970 (Clark 1976),
have provided some measure of protection for the winter flounder stock.

. Winter flounder was included in the New England Fishery Management Council’s Atlantic
Groundfish Fishery Management Plan (1977-1982). This initial plan established a minimum
commercial size himit {11 inches, 28 cm), imposed minimum mesh sizes for trawls, and
established spawning stock biomass per recruit targets. In 1982, the Council adopted an Interim
Groundfish Plan, which established a minimum mesh size of 130 mm (5 1/8"). In 1983, the
minimurm mesh size was increased to 140 mm (5.5") In 1986, the Council’s Multispecies
Fishery Management Plan incredsed the minimum legal size to 30 cm (12 in) and impesed
seasonal area closures, Amendments 5 and 7 (1994, 1996), established effort controls (days at
sea limits), further increased minimum mesh size to 142 mm (6" diamond or square mesh),
imposed trip limits for regulated groundfish bycatch in the sea scallop fishery, and prohibited
small mesh fisheries from landing regulated groundfish. In December 1994, two large areas on
Georges Bank were closed to fishing on a year round basis to protect overfished groundfish
species. These areas include both the eastern and western edges of the distnibution of winter
flounder on the bank.

Amendment #9 to the Multispecies Fishery Management Plan was submitted in 1998 to revise
the overfishing definition according to Sustainable Fisheries Act requirements. The Qverfishing
Definition Review Panel (Applegate et al. 1998) recommended an MSY based control rule
derived from survey based proxies of MSY reference points. Biomass reference points were
based on the U.S. NEFSC Autumn research vessel biomass index {stratified mean kg/tow) and
fishing mortality reference points were based on an exploitation index (catch/U.S. NEFSC
Autumn research vessel biomass index),

Georges Bank winter flounder was previously assessed in 1978 {Lange and Lux 1978) and 1986
(Gabriel and Foster 1986). These two assessments provided descriptive summaries of catch,
effort, survey indices, and yield per recruit modeling. The current assessment represents the
initial attempt to conduct an analytical assessment of the stock. |

THE FISHERY

Commercial Landings

Before 1976, commercial landings of Georges Bank winter flounder were reported from the
United States, Canada, and distant water fleets including the former Soviet Union. From 1964 to
1971, commercial landings increased, reaching a peak of 4,500 mt in 1972 (Figure 2, Table 1).
Landings declined from 1971 to 1976, before increasing sharply to 3,600 mt in 1977.
Commercial landings peaked between 1980 and 1984 (averaging 3,800 mt/year), but declined
sharply beginning in 1985 (¥Figure 2). Landings trended downward after 1984, with the
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exception of ihcreased landings resulting from the strong 1984 year class in 1987 and 1988.
Commercial landings in 1995 (760 mt) were the lowest recorded in the landings time series
dating back to 1962.

Since the late 1960's, U.S. landings have been the dominate component of total commercial

landings. Canadian landings have averaged 0.1% to 2.7% of total fishery landings since 1970.

The Canadian industry’s interest in the Georges Bank winter flounder resource has increased (S.

Gavaris, personal communication), and reported Canadian landings in 1997 reached their highest
reported levels since 1966 (Table 1).

Otter trawls have been the dominate gear accounting for greater than 98% of landings in the U.S.
fishery through 1985 (Table 2). Since 1985, the proportion of landings taken by scallop dredges
has increased steadily from less than 1% to approximately 7 to 8% by the early 1990s. It is
unclear whether this trend represents increased retention rates by the scallopers, or improved
reporting of non-target landings by the fleet. The proportion of winter flounder landings
accounted for by scallop dredges declined from 1994 to 1997 in response to U.S. groundfish
retention limits imposed in the scallop fishery. Tonnage class 3 (51-150 GRT) ofter trawlers
generally account for approximately 60% to 80% of U.S. landings, while tonnage class 4 (151-
500 GRT) otter trawlers generally account for all but a few percent of the remaining UJ.S.
landings (Table 3).

Commercial landings since 1982 are reported for 8 market categories (lemon sole, extra large,
large, large/mixed, medium, small, peewee, and unclassified} based primarily on the individual
fish size. Three categories (lemon sole, small, and large) comprised approximately 85% of the
commercial landings from 1982 to 1997 (Table 4).

Commercial Discards ‘

Commercial discarding occurs in the otier trawl and scallop gear sectors due to marketability
(size and condition), minimum size limit regulations, and groundfish retention limits which
prohibit groundfish retention m some small mesh fisheries and restrict retention in others (scallop
fishery). Discard information is available from two primary sources, the sea sampling database
which summarizes information collected by trained observers riding on commercial trips and the
Vessel Trip Report (VTR) database which contains records of commercial operator reported
discards. '

Sea sampling data (available 1989 to 1997) represents the most reliable source of information
available for estimating commercial discards. The total number of Georges Bank trips where
winter flounder weights were collected ranged from 4 to 17 trips annually. Sea sampling of
scallop dredge trips was limited with no more than 5 trips available annually where weights of
landed and discarded winter flounder were sampled. Based on this limited amount of
mformation, estimated total discards in the trawl gear sector ranged from 1.2 to 24.9 mt aﬂnually,
representing 0.2 to 1.6% of otter trawl catch. Limited sampling of sea scallop trips precludes
even preliminary estimates of discards for this fleet sector. However, limited sea sampled trips



oceurring in 1995 to 1997 (eight trips) appear to indicate that discarding of winter flounder by
this gear sector may have increased significantly in response to groundfish retention regulations.

Length frequency information available in the sea sampling database was examined to determine
the feasibility of partitioning discard weight estimates into numbers at length. The number of
discarded winter flounder measured annually by the Sea Sampling Program ranged from 70 in
1989 to none in 1997. Clearly, the number of discarded winter flounder measured was
insufficient to characterize the overall length frequency distribution of the discarded portion of
the catch. The number of discarded winter flounder measured in the scallop dredge gear sector
was insignificant in every year except 1997, when 239 discarded winter flounder were measured
in the second quarter and a total of 274 were measured across all quarters. Based on the limited
data available to either estimate the magnitude of iotal discards or characterize their size
distribution, we concluded that it would be inappropriate to generate estimates of discards based
on an analysis of available sea sampling data.

Commercial operator reported discards in the VTR database (available 2™ Quarter of 1994 to
1997) represenied the next best available source for estimating discards. Reporting rates in the
VTR database are known to be incomplete because many cperators fail to reliably report
discards. To avoid problems associated with incomplete reporting, we estimated discard ratios
using VTR data based on a subset of logbook records that reported at least 1 pound of discards
for any species (Delong et al. 1997, NEFSC 1997, Brown and Munroe 2060). By using this
subset to characierize discard ratios, we made three basic assumptions: 1) it is highly unlikely
that a groundfish trip could operate within the Georges Bank stock area without generating
discards of some species, 2) trips that reported discards of some species reliably reported discards
of winter flounder, and 3) the ratio of landed to discarded weight from this subset was
representative of the discarding behavior of the entire fleet. Thus, the subset used to estimate
discard ratios included 1} trips reporting both landings and discards of winter flounder, 2) trips
reporting winter flounder discards but no landings, and 3} trips reporting winter flounder
landings and discards for some other species.

For the ofter traw! gear sector, the number of trips included in the discard ratio estimate ranged
from 73 to 182 trips annually. Based on logbook reported discards, estimated total discards in
the trawl gear sector ranged from 7.2 to 21.9 mt annually, representing 0.5 to 3.0% of otter trawl
landings. Based on the number of scallop dredge trips reporting discards of winter flounder, it
was clear that discard reporting rates for winter flounder are extremely low in this gear sector.
From a regulatory standpoint, there are a number of disincentives to accurately reporting
groundfish bycatch by scallop dredges. The limited number of trips reporting discards represent
a significant source of uncertainty relative to the total fishery removals from the stock.

The third approach attempted to estimating discards involved using a combination of commercial
sea sample data and research vessel survey data to estimate the total numbers discarded at length
(following Mayo er al. 1992). Three significant weaknesses were encountered that preciuded the
use of this approach. First, the length frequency distribution from a research vessel survey is
assumed to be representative of the size distribution of the winter flounder resource seasonally.



The limited number of strata and tows made on the U.S. NEFSC Spring and Autumn research
vessel surveys produce limited numbers of winter flounder to characterize the length frequency
distribution. For the period when the catch at age was produced for this assessment {1982 to
1997), the total number of winter flounder captured in representative tows during NEFSC Spring
research vessel surveys ranged from 31 to 256 fish, and in 7 of the 17 years the total number of
fish captured was less than 70 fish. For the U.S. NEFSC Autumn research vesse] survey, the
total number of winter flounder captured ranged from 12 to 320 fish, and in 8 of the 17 years the
total number of fish captured was less than 70 fish. The low numbers of fish sampled result in an
increased likelihood that there are some seasons when the U.S. NEFSC survey performs poorly
in representing the length frequency distribution of the resource.

Second, the discard length frequency information available from sea sampling was limited -
resulting in a potentially poor determnation of the discard selectivity ogive used in the analysis.
One diagnostic for determining the performance of this estimation method is examination of the
relationship between the research vessel bottom trawl survey number per tow discarded and the
sea sample estimated number discarded. The expectation of is that this relationship will have a
positive slope and that the correlation will be positive. The correlations between these estimated
variables were weak, and in some cases negative, ranging from -0.1 to 0.7. This diagnostic
indicates a significant problem with one of the inputs to this discard estimation procedure.

Third, if the number discarded at length could be reliably estimated, the number of age
determinations for smaller size winter flounder from survey data is limited. While commercial
age data could be used to augment age keys for older individuals, research vessel survey and sea
sampling data are the only source of age determinations for sub-legal size fish. The number of
survey ages avallable ranged as low as 12 determinations (U.S. NEFSC Autumn 1991 suivey)
when every winter flounder captured within the strata set was aged.

In summary, available survey, vessel trip record, and sea sampling data were insufficient to
produce reliable estimates of the magnitude or age composition of winter flounder discards
occurring in the Georges Bank otter trawl or scallop dredge fisheries. However, both the sea
sampling and vessel trip record approaches produced consistent information concerning the
magnitude of discards occurring 1n the otter trawl and scallop dredge fisheries. Both approaches
produced low estimates of discards relative to landings (Sea Sample: 0.2% to 1.6%; VTR: 0.5 to
3.0%) for the otter trawl fishery. '

In addition, both data sources appear to Indicate that discarding increased in the scallop dredge
fishery following the implementation of groundfish retention limits. The recent scaliop dredge
discards represent a significant source of uncertainty relative to the total fishery removals from
this stock. However, an analysis of the spatial overlap of exploitable scallop resources and
winter flounder distributions indicated little spatial overlap. Because of the uncertainty in both
the underlying data and the performance of the discard estimation approaches, no commercial
discards were included in the catch at age analyzed in this assessment.



Sampling Intensity of Commercial Landings
Although the U.S. commercial landings of Georges Bank winter flounder are reported for 8

market categories (lemon sole, extra large, large/mixed, large, medium, small, peewee, and
unclassified), three categories (lemon sole, small, and large) comprised 85% of the commercial
landings from 1982 to 1997 (Table 4). After comparing the length frequencies by market
categories across years, other market categories including peewee (5.9%), medium (1.7%), extra
large (0.6%) and large/mixed (0.2%) were combined with the small, large, and lemon sole
market categories to estimate catch at age (see Table 5 for details). U.S. commercial length
samples were aggregated by quarter and combined market categories and summarized in Table 3.
Since 1982, annual sampling intensity by combined market category ranged from 36 to 902 mt of-
landings/sample. Sampling intensity has been lower for lemon sole than for small or large
combined market categories, and sampling in all market categories deteriorated after 1992, Poor
sampling intensity prior to 1982 precludes extension of the landings at age time series prior to
1982. There is no formal commercial sampling program for Canadian landings of Georges Bank
winter flounder.

Landings at Age
Age composition of the 1982 to 1997 commercial landings from Georges Bank was estimated by

applying commercial age-length keys to quarterly commercial numbers at length, aggregated by
market category. In some instances, the landings at age analysis was pooled to half year, and in
one case across three quarters of the calendar year (1993, quarters 2-4) because of insufficient
length frequency sampling (Table 6). Mean weights at age were estimated by applying the
length-weight equations to the quarterly length frequency samples by market category. Total
numbers landed per quarter were estimated by applying the mean weights to the guarterly
landings by market category and prorating according to the sample length frequency. Numbers at
age were summed over market category for each quarter and annual estimates of landings at age
were obtained by summing values over quarters. Landings from both the unclassified market
category for U.S. landings and total reported Canadian landings were assumed to have the same
age composition as the sampled U.S. landings, and the estimated landings at age was adjusted to
mecorporate these landings. The unsampled portion of landings generally accounted for less than
10% of the total landings at age.

Total estimated landings at age for 1982to 1997 are summarized in Table 7A. Age 2 to 4 fish
dominate landings in most years, and two relatively large year classes (1985, 1987) appear to
track well through the landings at age matrix. Landings of age 1 fish are insignificant except in
1995 when almost 264,000 age 1 fish were estimated. Examination of the U.S. commercial
samples indicated that large numbers of age 1 fish were present in multiple samples occurring in
the third and fourth quarters of 1995. In addition, relatively large numbers of the 1994 cohort
were landed as age 2 fish in 1996 and age 3 fish in 1997. Estimated landed weight {mt) of
Georges Bank winter flounder by age and year is summarized in Table 7B.

Mean Weights at Age
Mean length and weight at age from the analysis of total landings at age are summarized in
Tables 7C and 7D, respectively. Mean weights at age have remained relatively stable from 1982




‘{6 1997, although poor sampling of older ages results in some variability in the estimated length -
and weight for ages 7 and older. :

STOCK ABUNDANCE AND BIOMASS INDICES

.S, Landmgs per Unit Effort (LPUE) Indlce

Landings per unit effort (landings/days fished) were tabulated from the weighout database by
tonnage class from 1964 to 1993 for all otter trawl trips landing winter flounder and for directed
trips (trips with >= 50% winter flounder landings). Landings per unit effort indices for all trips
and for directed winter flounder trips demonstrated similar trends with high levels of landings per
unit effort in the 1980s, and declines in both indices to their lowest levels in the time period in
the early 1990s (Figure 3).

U.S. NEFSC Research Vessel Bottom Trawl Survey

The Northeast Fisheries Science Center of the U.S. National Marine Fisheries Service has
conducted a stratified random bottom trawl survey designed to assess the abundance and biomass
of fish species along the continental shelf of the United States from the Scotian Shelf to Cape
Hatteras since 1963 (Azarovitz 1981, Depres et al. 1988, Azarovitz et al. 1997). Two stratified
random bottom trawl] surveys, a spring survey (April 1968-1998) and an autumn survey (October
1963-1997) are used to estimate changes 1n abundance (stratified mean number/tow) and biomass
(stratified mean weight (kg)/tow) of demersal fish species including winter flounder in the
Georges Bank area. The indices for Georges Bank winter flounder include data from
representative tows occurring in the NEFSC offshore strata 01130 to 01220. Significant changes
in the catchability of winter flounder due to a door gear change in 1995 necessitated adjusting
pre-19935 using door standardization coefficients (1.46 numbers, 1.39 weight; Forrester et al.
1997) estimated through fishing power experiments. These experiments indicated no significant
differences in the catchability of winter flounder between the two research vessels (Delaware 11
and Albatross IV) during the survey time series.

Standardized, stratified abundance and biomass indices for Georges Bank winter flounder from
the U.S. NEFSC Spring and Autumn research vessel Bottom Trawl surveys are shown in Table 8
and Figure 4. Abundance and biomass indices exhibit considerable variability but generally
exhibit intermediate levels of abundance from the early 1960s to early 1980s, and declining
levels of abundance since the mid-1980s (Figure 4). Both surveys have exhibited a declining
trend over the final two years of the survey. The stratified mean length (cm) in both the U.S.
NEFSC Spring and Autumn surveys exhibited a general declining trend between the mid 1960s
and early 1990s, but the stratified mean length of winter flounder captured in the survey has
increased over the past five years (Figure 5). Sharp single year declines in mean length generally
correspond to the recruitment of above average year classes to the survey gear.

Stratified mean number at age for the U.S. NEFSC Spring and Autumn surveys is shown in |
Tables 9A and 9B, respectively. Although these indices are noisy, larger cohoris appear to track
through the numbers at age matrix for the 1980, 1985, 1987, and 1994 cohorts.



Canadian Research Vessel Bottom Trawl Survey

The Department of Fisheries and Oceans, Canada has conducted a stratified random bottom trawl
survey on Georges Bank since 1986. The Canadian survey, normally conducted during February
or carly March, occupies stations in both U.S. and Canadian waters. Station density is generally
higher than on U.S. NEFSC surveys of Georges-Bank. - For the purposes of this assessment,
stations occurring in strata 5Z1 to 5Z8 within the NAFO area 5Zh,j,m,n were included in the
estimation of abundance indices. Weight data were collected, but were unavailable for
estimating biomass indices (kg/tow). Stratified mean numbers/tow at length were available for
winter flounder from 1987 to 1998. Biomass indices were generated by applying the U.S. survey
length-weight regression relationship (Weight (kg) = 0.0000079099 * Length (cm) **7 ) to the
stratified mean numbers at length from the Canadian survey. Indices of abundance and biomass
for the Canadian survey are summarized as stratified mean number/tow from 1986 to 1998
(Table 9C, Figure 4).

Winter flounder captured during the Canadian survey are counted and measured, but not aged.
U.S. survey and commercial age keys were used to partition stratified mean numbers at length
into stratified mean numbers at age. Sufficient age determinations were available from U.S.
NEFSC Spring survey data to partition stratified mean numbers at length into numbers at age for
fish smaller than 40 cm. U.S. commercial age keys from the first quarter of the corresponding
year were applied for fish longer than 40 cm. The application of commercial age keys will
provide unbiased estimates of catch at age if both the U.S. commercial fleet and the Canadian
survey are sampling fish that grow at the same rate. Since the principal winter flounder habitat 1s
located in U.S. waters and the Canadian survey samples across both U.S. and Canadian waters
with primary catches occurring in U.S. waters, this assumiption appears to be valid.

MORTALITY AND MATURATION

Natural Mortality

For this assessment, natural mortality was assumed to be constant and equal to 0.20 throughout
the time series. The observation of maximum ages in the populations occasionally exceeding 15
years is consistent with this assumption of natural mortality.

Total Mortality

Estimates of instantancous total mortality (Z) and fishing mortality (F, assuming natural mortahty
= (.20) were estimated from the stratified number at age indices from the U.S. NEFSC Spring
and Autumn surveys. Because of interannual variability in the survey indices, pooled estimates
of mortality rates were estimated across running three year time periods from 1981 to 1997.

Total mortality (Z) was estimated as the nafural log of the ratio of ages 3+/4+ indices from the
Autumn survey, and ages 4+/5+ indices from the spring survey. Mortality rates for both surveys
exhibited similar patterns with relatively low mortality rates in the early 1980s, higher mortality
rates in the mid-1980s to early 1990s, and lower mortality rates in the mid-1990s (Figure 6). The
two surveys exhibit divergent trends in the most recent years (1993 to 1997), with the spring
survey estimate high and increasing fishing mortality, while the Autumn survey estimates lower
and decreasing fishing mortality (Figure 6).




Maturity :
Maturation determinations for female winter flounder were collected on the NEFSC Spring
research vessel survey from 1982 to 1997. The total number of maturation determinations
annually is limited, particularly in terms of the number of determinations for ages 2 and 3 fish
which determine the character of the maturation relationship at age. We used a logistic
regression approach (O’Brien er al 1993) to estimate the proportion of females mature at age.
Logistic equations for individual years were used to estimate age at 50% maturity for individual
vears. Age at 50% maturation for female winter flounder appeared to fluctnate without trend
from 1982 to 1998 (Table 10). After attempts to pool across various time periods produced
stable results, a logistic regression using the entire time series (1982 to 1998) was performed.
Age at 50% maturity was estimated to be 1.83 years and the resulting maturity ogive (0.00 at age
1,0.62 at age 2, 0.92 at age 3, 1.00 at age 4) was used in subsequent analyses (Table 10).
O’Brien et al (1993) reported age at 50% maturation of 1.9 years and a similar estimated maturity
ogive (0.03 at age 1, 0.62 at age 2, 0.99 at age 3, 1.00 at age 4) for data from 1985 to 1989.

ESTIMATES OF STOCK SIZE AND FISHING MORTALITY

Virtual Population Analysis Calibration

The ADAPT virtual population analysis (VPA) calibration method (Parrick 1986, Gavaris 1988,
Conser and Powers 1990) was used to estimate terminal stock abundance at ages 2-6 and derive
age specific estimates of fishing mortality in 1997 and stock sizes at the beginning of 1998. The
catch at age in the VPA consisted of combined U.S. and Canadian landings during 1982 to 1997
for ages 1-6 with a 7+ age group. Indices available to calibrate the VPA included the U.S.
NEFSC Spring research vessel survey catch (numbers) at age {(ages 1 1o 7), the Canadian Spring
research vessel Survey catch (numbers) at age (ages 1 to 7), and the U.S. NEFSC Autumn
research vessel survey catch (numbers) at age {(ages 0 to €) lagged forward one age and one year,
Several VPA calibrations were completed and evaluated duning the Southern Demersal
Subcommittee and SAW/SARC meetings. A summary of these calibrations including key
diagnostics and terminal year results are reported in Table 11.

‘The final accepted calibration (Run 15) estimated ages 2 to 6 and included the U.S. NEFSC
Spring indices (ages 1 to 7), the Canadian Spring indices (ages 1 to 7), and the U.S. NEFSC
Autumn indices (ages 1-6, lagged forward one age and one year). This calibration was successful
in reducing the coefficients of variation on the youngest ages (2 and 3) and produced favorable
diagnostics (Table 11, Appendix 1).

Virtual Population Analysis Results

The assessment results indicate that stock numbers exceeded 25 million in the early 1980s,
gradually declined to reach a low level of approximately 8.8 million in 1993, increased to 13.6
million in 1995, and have again declined to 9.6 million fish in 1997 (Table 12). Age2
recruitment was relatively stable throughout the time period, but larger 1980, 1985, 1987 and
1994 year classes exceed 5 million fish at age 2 (Table 12, Figure 7). Recent recruitment, as
measured by the 1995 and 1996 year classes, has been the lowest in the time series (Figure 7).
There appears to be little discernible relationship between stock and recruitment over the time
pertod analyzed in this assessment (Figure 7).




Spawning stock biomass declined from levels exceeding 8,000 mt in the early 1980's to less than
2,000 mt in 1994, but increased to almost 3,700 mt in 1996 (Table 12, Figure 7). Spawning
stock biomass declined slightly from almost 3,700 mt in 1996 to 3,500 mt in 1997. In the early
1980s, spawning stock biomass consisted of a wide range of ages and the youngest mature ages
(2 and 3) comprised less than 40% of the total spawning stock biomass (Figure 8). The age

~ structure of the spawning stock biomass became truncated in the mid 1980s to mid 1990s, when
the youngest mature ages (2 and 3) comprised 45% to 75% of the spawning stock biomass.
Some broadening of the age structure of spawning stock biomass is evident after 1994, but the
age structure spawning component of the stock remains truncated relative to historical levels
(Figure 8).

From the early 1980s to the early 1990s, fishing mortality rates ranged from approximately 0.5 to
as high as 1.4. Fishing mortality rates declined sharply after 1993 and have fluctuated between
0.3 and 0.5 from 1994 to 1997 (Table 12). There is a reasonable level of agreement between
VPA estimated fishing mortality rates and survey estimated rates of fishing mortahty (Z
estimates assuming m=0.2) throughout the time series (Figure 6). However, in the most recent
three years, VPA estimates of fishing mortality correspond more closely with fishing mortality
estimates from the Autumn survey. Patterns in fishing mortalify appear to be reasonably well
correlated with reported landings included in the assessment (Figure 9).

Precision Estimates of F and SSB

Uncertainty and potential bias estimates were assessed using a bootstrap analysis of the VPA
calibration. One thousand bootstrap realizations were produced by randomly resamipling survey
residuals produced by the final ADAPT calibration. Bootstrap abundance indices had slightly
larger CV’s than the least squares estimates produced by the final ADAPT VPA calibration
(Appendix 2). Estimates of bias on all ages were relatively low, ranging from 3.7% to 6.4%.
Bias estimates for fully recruited F and spawning stock biomass were each below 3%.

The distribution of bootstrap realizations of spawning stock biomass indicates that there is an
80% chance that the 1997 estimate of SSB is between 3,100 and 4,200 mt (Figure 10). The
distribution of bootstrap realizations of fishing mortality suggests that there is an 80% probability
that F o, is between 0.33 and 0.51 (Figure 10). '

Retrospective Analysis _
Retrospective analyses of the Georges Bank winter flounder VPA were performed from 1997 to
1990 by sequentially reanalyzing the ADAPT calibration after removing the terminal year of
input data. Retrospective patterns for fishing mortality (Figure 11A) indicate a pattern of
slightly overestimating average fishing mortality in the terminal year. The tendency was more
pronounced in the terminal year 1992 and 1993 assessments. The retrospective patterns for
spawning stock biomass (Figure 11B) indicate that there is a tendency in the most recent years to
slightly overestimate spawning stock biomass in the terminal year. This pattern shifts before
1993 with a tendency to underestimate SSB in the terminal year estimates evident before 1993.

The retrospective patterns for age 2 recruitment (Figure 11C) indicate considerable variability in
the performance of the terminal year estimation of stock numbers at age 2. Performance was
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generally acceptable with a slight tendency to underestimate age 2 recruitment for most year
classes. However, retrospective performance was particularly poor for the 1992 and 1994 year
classes, where initial estimates were considerably higher than converged estimates of these year
classes. Both of these year classes had estimated age 1 landings included in the catch at age,
whereas landings at age from other year classes indicated no landings at age 1. This observation -
should be considered when evaluating the reliability of the terminal estimate of age 2

recruitment, which estimates that incoming age 2 recruitment is the weakest in the time series.

BIOLOGICAL REFERENCE POINTS

Yield and Spawning Stock Biomass per Recruit Analyses

Yield per recruit (Thompson and Bell 1934) and vield per recruit (Gabriel e al. 1989) analyses
were conducted using the partial recruitment vector estimated from the calibrated VPA. Since
major fishery management measures have been implemented beginning in 1994, 4-year (1994-
1997) arithmetic mean weights and geometric mean partial recruitment were used as inputs in
these analyses. The maturation schedule for Georges Bank winter flounder has been stable
through time, so the long term estimate of the maturation schedule was used as an input. Results
of the analysis indicate that Fy | is currently estimated to be 0.21, F_, 15 estimated to be .42, and
Fyge, 1s estimated to be 0.47 (Table 13, Figure 12).

SEA Overfishing Definitions

The Overfishing Definition Review Panel (Applegate ef al. 1998) proposed an MSY based
harvest control rule for Georges Bank winter flounder derived from survey based proxies of
biomass and exploitation. The panel defined maximum sustainable yield as 2,700 mt, identified
a threshold fishing mortality proxy (Fgy ) as a level of an exploitation index (catch/U.S. NEFSC
Autumn survey biomass) of 0.98, and identified a target stock biomass proxy as the U.S. NEFSC
Autumn survey biomass index value of 2.74. Further, target fishing mortality proxy was
estimated to be 75% of the threshold proxy value, and stock biomass proxies were established as
50% of the target B,,qy proxy values, Figure 13 provides a graphic representation of the SFA
overfishing definition.

A non-equilibrium surplus production analysis (ASPIC, Prager 1993, 1994) was completed using
landings biomass and the U.S. NEFSC Spring, Canada spring, and U.S. NEFSC Autumn survey
indices of stock biomass from 1963 to 1997 to provide perspective on historical stock levels and
to provide information relative to SFA reference points (Appendix 3). Initial biomass, maximum
sustainable yield, the intrinsic rate of increase and catchability {(g) of the survey biomass indices
were estimated by nonlinear least squares of the biomass index residuals.

The current surplus production model differed from the model used to construct the SFA harvest
control rule in two respects. First, the catch input included foreign landings (primarily from the
1960s) that were not included in the surplus production model. Second, the strata set used to
estimate the U.S. NEFSC Spring and Autumn indices included a larger strata set than the indices
used to estirnate the SFA harvest control rule. The two strata sets produced highly correlated
survey indices, although the current survey indices are scaled lower than the previous indices.
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Resulis of the surplus production analysis indicated a reasonable fit to the input data, and
estimated trends in biomass were well matched with results from the Virtual Population Analysis
(Figure 14, Appendices 1 and 3). A maximum sustainable biomass (MSY) of 3,100 mt was
estimated to be produced by a biomass (B,,,) of 11,400 mt (Table 14). A time trajectory of
results from the surplus production model indicates that yield has generally exceeded estimated
surplus production for the past two decades (Figure 15).

The SFA harvest control rule was re-estimated in its original format based on a current NEFSC
research vessel survey indices (revised strata set) and a revised surplus production model that
incorporated the Canadian research vessel survey indices and foreign commercial landings in the
1960s and early 1970s. The target B, gy proxy (U.S. NEFSC Autumn Survey biomass units) was
estimated to be 2.730 {MSY/f, . ), and the threshold By, proxy was estimated to be 50% of the
By proxy. The threshold and target F,,, proxies (in exploitation index units) were estimated
tobe 1.125 (MSY Proxy/ B, proxy) and 0.843 (0.75%F,,. s Proxy), respectively.

The revised harvest control rule is displayed graphically in Figure 13. For the latest time period
for which data were available (1995-1997), the three year average of the U.S. NEFSC Autumn
survey index (1.542) and the exploitation index (0.754) indicate that overfishing was occurring
and that the stock was in an overfished condition relative to the harvest control rule. If the
harvest control rule were applied for the 1999 fishing year, the corresponding threshold fishing
mortality rate (fully recruited F) would be 0.04 and the target fishing mortality rate (fully
recruited F) would be 0.03. :

PROJECTIONS

Short Term Stochastic Projections

Short term deterministic projections were performed for 1998, 1999, and 2000. 1998 U.S.
landings were assumed to be 964 mt based on the landings projections by the New England
Fishery Management Council’s Multispecies Monitoring Committee. Canadian landings in 1998
were assumed to be equal to 1997 landings. The projections were based on a partial recruitment
vector estimated as the geometric mean of 1994 to 1997 F’s at age from the final VPA
calibration, 1994 to 1997 arithmetic mean stock and catch weights, and the long term (1982-
1997) maturity schedule for Georges Bank winter flounder. Age 1 recruitment was estimated
from the terminal year bootstrap realizations of the VPA in 1998, and recruitment in 1999 and
2000 was resampled from observed age 2 recruitment estimated by the ADAPT VPA calibration .
from 1982 to 1997 (Age Pro Model 3).

Projections were run at F = 0.00 (maximum stock rebuilding rate), F,,,,, = 0.03 (management
target associated with the revised SFA harvest control rule), Fy ..qs = 0.04 (management
threshold associated with the revised SFA harvest control rule), F,; = 0.21 (commonly used yield
per recruit reference point), F, 455 = 0.34 (based on projected landings of 1,107 mt in 1998), and
Fype, = 0.47 (current New England Fishery Management Council overfishing definition) for years
1999 and 2000. Results for these reference points of F are presented in Table 15.

Projections at ¥ = 0.00 in 1999/2000 provide a benchmark for the maximum projected stock
rebuilding rate. For this level of fishing mortality (i.e., fishery closure), there would be no
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projected landings. Age 1+ biomass is projected to increase 33% from 5,680 mt in 1999 to 7,552
mt in 2000. Spawning stock biomass is projected to increase from 44% from 3,735 mt in 1999 to
5,374 mt in 2000 (Table 15, Figure 16). Accounting for some sources of uncertainty in the stock
assessment, there is an 80% chance that SSB in 2000 would be between 4,098 mt and 6,793 mt
(Table 15). _

Projections at F,,... = 0.03 in 1999/2000 result in 2 91% decline in landings from 1,107 mt in
1998 to 118 mt in 1999 (Table 15, Figure 16). Age 1+ biomass is projected to increase 31%
from 5,619 mt in 1999 to 7,342 mt in 2000. Spawning stock biomass is projected to increase
41% from 3,716 mt in 1999 to 5,228 mt in 2000. Accounting for some sources of uncertainty in
the stock assessment, there is an 80% chance that SSB in 2000 would be between 3,986 mt and
6,613 mt (Table 15).

Projections at Fy,4,q = 0.04 in 1999/2000 result in an 86% decline in landings from 1,107 mt in
1998 to 157 mt in 1999 (Table 15, Figure 16). Age 1+ biomass is projected to increase 30%
from 5,600 mt in 1999 to 7,274 mt in 2000. Spawning stock biomass is projected to increase
40% from 3,709 mt in 1999 to 5,181 mt in 2000. Accounting for some sources of uncertainty in
the stock assessment, there is an 80% chance that SSB in 2000 would be between 3,948 mt and
6,552 mt (Table 15).

Projections at F,, = 0.21 in 1999/2000 result in a 31% decline in landings from 1,107 mt in 1998
to 764 mt in 1999 (Table 15, Figure 16). Age 1+ biomass is projected to increase 18% from
5,279 mt in 1999 to 6,244 mt in 2000. Spawning stock biomass is projected to increase 24%
from 3,597 mt in 1999 to 4,446 mt in 2000. Accounting for some sources of uncertainty in the
stock assessment, there 1s an 80% chance that SSB in 2000 would be between 3,377 mt and
5,639 mt (Table 15).

Based on projected landings of 1,107 mt in 1998, the projected level of fishing mortality in 1998
is 0.34. Fishing at F,g; = 0.34 in 1999/2000, landings would increase by 6% from 1,107 mt in
1998 to 1,172 mt in 1999 (Table 15, Figure 16). Age 1+ biomass is projected to increase 11%
from 5,050 mt in 1999 to 5,596 mt in 2000. Spawning stock biomass would increase 13% from
3,514 mt in 1999 o 3,967 mt in 2000. Accounting for some sources of uncertainty in the stock
assessment, there is an 80% chance that SSB in 2000 would be between 3,004 mt and 5,046 mt
(Table 15).

The overfishing definition previously established by the New England Fishery Management
Council for Georges Bank winter flounder is F,y,, , which is currently estimated to be 0.47.
Fishing at F,., = 0.47 in 1999/2000, landings would increase by 42% from 1,107 mt in 1998 to
1,575 mt in 1999 (Table 15, Figure 16). Age 1+ biomass is projected to increase 4% from 4,836
mt in 1999 to 5,042 mt in 2000. Spawning stock biomass is projected to increase 3% from 3,433
mt in 1999 to 3,550 mt in 2000. Accounting for some sources of uncertainty in the stock
assessment, there is an 80% chance that SSB 1n 2000 would be between 2,676 mt and 4,529 mt.
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CONCLUSIONS

The Georges Bank winter flounder stock is overexploited and at a low level of biomass. Fishing
mortality rates were very high in the early 1990s (1990-1993 average F=0.74), but have declined
since 1994, Spawning stock biomass levels and age composition have improved since 1993, but
incoming recruitment, particularly the 1995 and 1996 year classes, is poor. Stock biomass in
1997 was at 60% of the biomass proxy specified in the SFA harvest control rule. Assuming a
catch of 1,100 mt in 1998, the estimated level of SSB in 1998 is 3,300 mt and fully recruited ¥ is
projected to increase to 0.34. Relative to the SFA overfishing definition and control rule, the
stock was in an overfished condition and overfishing was occurring.
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Table 1. Landings (mt) of Georges Bank winter flounder from 1962-1997 by statistical area

and country.
522525 | 57 (521-543) ! 5ZE (521-526, 541-543) '
561-562 1 , | Included in
ES. E Us, Canada USSR Total i U.s. Canada USSR Total Assessment
1962 E 6996 26 ' 7ozzi
4 L i
1963 L eom 120 19 7050 | 1
1
1964 1371 12656 146 12802 | 1517
]
1965 1176 | 10479 159 32 10990 | 1687
. i
1966 1877 1 13807 164 tse 14127 | 2197
1
1967 1917 1 10815 83 M9 11247 | 2349
i
1968 1570 57 | 4346 59 372 4777 1999
1969 20671 116 6380 235 6615 2518
1970 - 2615 61 7020 64 40 71241 2716
1971 3002 62 1400 65 1029 15094 4183
1972 2805 g 1026 8 1699 11973 4512
1973 2269 14 E 4387 14 693 5094 | 2976
I
1974 2124 - 12 {4508 12 82 4602 218
1975 2409 | 13 4833 13 515 5361 i 2037
] I
1976 1877 | 15 3732 1 O VI 1893
1 i
1977 3572 1 15 5954 15 7 5976 | 3504
i ]
1978 3185 | 65 6378 65 6443 | 3250
] ]
1979 3045 | 19 6293 19 ez 3064
] ! .
1980 3931 | 44 9941 44 9985 | 3975
]
1981 3993 | 19 9711 19 9730 4012
I
1982 2961 | 19 7347 ) 7366 2980
¥
1983 3894 | 14 8014 14 8028 3908
1984 3927 4 j 7574 4 7578 3931
i
1985 2151 12 D473 1 4769 2163
i
1986 1762 25 ] 1787
1
1987 2637 32 f i 2669
| i
1988 2804 55 | ; 2859
I
1989 1880 11 ; 1891
]
1990 1898 55 ) 1953
1991 1814 i 14 1828
b
1992 1822 1 27 ' 1849
1993 1662 21 ' 1683
1994 907 65 a 972
1995 706 1; 54 | i 760
I i
1996 1265 1 71 | 1336
1997 1287 i 143 . 1430
1




Table 2. : U.S. landings (mt) and percent of landings of Georges Bank winter flounder (U.S.
statistical areas 522-525, 551-552, 561-562) by gear type from 1964 to 1993. U.S.
general canvas landings are not included.

Landings by Gear {mt) Percent of Total Landings
Trawl Scallop " Other Total ' Traw!t Scallop Other
Dredge Dredge
1964 1360.2 - 11.2 13714 99.2 - 0.8
1965 1175.1 - 0.8 1176.0 99.9 - 0.1
1966 1851.3 ~ 25.8 1877.1 98.6 - 1.4
1967 1915.5 - 1.8 19173 | 99.9 ~ 0.1
1968 " 1565.3 - 4.6 1569.9 | 99,7 - 0.3
1969 2165.0 — 1.8 2166.8 99.9 ~ 0.1
1970 2610.6 - 4.4 2615.0 99.8 - 0.2
1971 30869 —~ 4.8 3091.7 99.8 - 0.2
1972 2796.6 7.9 2804.5 ! 99.7 - 0.3
1973 2265.2 - 35 2268.8 E 99.8 - 0.2
1974 2116.5 - 77 2124.2 | 99.6 - 0.4
1975 2386.6 - 226 - 2409.2 99.1 - 0.9
1976 1874.7 - 26 - 1877.3! 99.9 - 0.1
1977 35704 - 1.6 3571.9 j 100.0 - <0.1
1978 3166.5 17.9 1.1 31855 99 4 0.6 <0.1
1979 3019.8 24.9 0 3044.6 99.2 0.8 <0.1
1980 3887.9 42.5 0.3 3930.8 § 98.9 1.1 <0.1
1981 3935.3 53.5 3.7 3992.5 93.6 1.3 0.1
1982 2919.5 412 0.1 2960.8 98.6 1.4 <0.1
1983 3864.0 254 72 3896.6 99.2 0.7 0.2
1984 3899.9 18.5 11.1 3929.5 99.2 0.5 0.3
1985 2146.3 3.1 32 2152.6 | 99.7 0.1 0.1
;
1986 17243 36.0 2.3 1762.6 97.8 2.0 0.1
1987 2560.6 77.6 0 2638.5 97.0 29 <0.1
1988 2699.5 106.5 0 2805.9 i 96.2 3.8 <0.1
i
1989 1761.7 119.7 0.1 1881.4 ! 93.6 6.4 <0.1
. ;
1990 1779.6 118.2 1.6 1899.4 93.7 6.2 0.1
1991 1673.7 141.2 0.8 1815.6 i 92.2 7.8 <0.1
1992 1677.8 136.4 8.7 1822.9 | 92.0 75 05
1993 1535.2 115.5 12.4 1663.1 92.3 6.9 0.7
1994+ 909.4 52.9 9.4 971.7 93.6 54 1.0
1995% 713.1 37.0 10.0 760.2 93.8 4.9 13
1996* 12438 71.2 206 1335.7 ! 93.1 5.3 1.5
1997 1337.9 800 119 1429.8 93.6 56 0.8

* includes Canadian landings.



Table 3. U.S. landings (mt) of Georges Bank winter flounder by tonnage class (TC2 = 5-50 GRT, TC3
=51-150 GRT, TC4 = 151-500 GRT) for otter trawl and scallop dredge landings.

Weighout Landings (mt} Percentage of Total Landings

Otter Traw] Scaliop Dredge All Otter Trawl Scallop Dredge Al
Ton Class Ton Class Others Ton Class Ton Class Others
Year 2 3 4 2 3 4 2 3 4 2 3 4
1964 74.0 9278 3584 0.0 0.0 0.0 11.2 3.4 67.7 26.1 0.0 4.0 - 0.0 0.8

1965 81.4 694.3 3994 0.0 0.0 0.0 0.9 6.9 59.0 34.0 0.0 0.0 0.0 0.1
1966 542 11887 630.0 0.0 0.0 0.0 423 29 63.3 33.6 0.0 0.0 0.0 0.2
1967 46.4 10741 7949 00 00 0.0 181 24 56.0 41.5 0.0 0.0 0.0 0.1
1968 344 10395 4914 00 0.0 0.0 4.6 22 66.2 313 0.0 0.0 0.0 0.3
196% 6.6 134212 6162 0.0 0.0 0.0 1.8 0.3 71.2 284 0.0 0.0 0.0 0.1
1970 162 20038 590.6 0.0 0.0 0.0 4.4 0.6 76.6 226 0.0 0.0 0.0 0.2
1971 66,8 22824 7376 0.0 0.0 0.0 48, 22 73.8 23.9 0.0 0.0 0.0 0.2
1972 364 22331 5271 0.0 6.0 0.0 7.9 1.3 79.6 18.8 0.0 6.0 0.0 6.3
1973 22.0 17265 5167 0.0 0.8 0.0 35 1.0 76.1 22.8 0.0 0.0 0.0 0.2
1974 158 15323 5684 0.0 0.0 0.0 77, 07 72.1 26.8 0.0 0.0 0.9 0.4

|
|
1
I
I
I
|
1'
1975 9.5 1855.2 5446 0.0 0.0 0.0 001 04 77.0 22.6 0.0 0.0 0.0 0.0
. E
1976 22 14874 386.1 0.0 0.0 0.0 16§ 0.1 792 206 0.0 0.0 60 01
: 1
1977 332 2%01.3 6364 0.0 0.0 0.0 1.1} 09 8i.2 17.8 0.0 0.0 0.0 <0.1
1
1978 105 25413 615.7 0.0 7.6 10.3 021 03 79.8 19.3 0.0 0.2 0.3 <0.1
. 1
1679 347  2438.1 548.8 0.0 18.1 6.8 02 11 80.0 18.0 0.0 0.6 0.2 <0.1
. i
1980 703 31123 7053 295 19.6 201 047 1.8 79.2 17.9 <0.1 0.5 0.5 <0.1
|
1981 26.3 30877 8225 0.0 19.0 345 251 07 77.3 20.6 0.0 0.5 0.8 041
!
1982 29.2 21946 6934 0.6 2609 14.2 251 1.0 74.1 23.4 0.0 0.9 0.5 0.1
|
1983 10.7 20411 1218.7 0.6 4.7 20.7 084, 03 67.8 3t3 0.0 0.1 0.5 <0.1
F
1984 103 25511 13452 0.0 8.2 10.2 044 03 64.9 343 0.0 0.2 0.3 <0.1
t
1985 4.1 1316.3 829.0 0.0 1.8 1.4 004 02 61.2 38.5 0 0.1 0.1 00
] .
1986 0.0 12225 5042 01 6.6 29.3 00 © 69.4 28.6 <01 0.4 1.7 0.0
i
1987 0.4 18995 660.7 0.0 145 63.5 0.0 | <0.1 72.0 25.0 0 0.5 24 <01
1 .
1988 28 19179 7788 0.1 292 77.2 0.0 1 01 68.4 27.8 <0.1 1.0 2.8 <0.1
i
1589 0.0 12505 511.2 01 4.4 95.3 017 00 66.5 27.2 <Q.1 1.3 5.1 <0.1
| :
1990 0.3 1256.6 524.1 00 276 %0.6 0.1 <01 66.2 27.6 <0.1 1.5 4.8 <0.1
]
1891 45 12251 4448 07 227 1179 00| 02 675 245 <g.1 1.2 6.5 <0.1
! ‘
1992 0.6 12211 4647 0.1 298 106.5 0.0 i <{.1 67.0 25.5 <1 1.6 5.8 <@.1
1993 0.0 11455 402.1 0.0 267 88.8 0.0 i <0.1 68.9 24.2 0 1.6 53 0.0
|
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Table 4. U.S. landings (mt) of Georges Bank winter flounder (522-525, 551-552, 561-562) by market category from 1980 to 1997.
i
TLandings by Market Category (mt) i Landings by Market Category (percent)
1200 1261 1202 1203 1208 1205 1206 1207 1200 1201 1202 1203 1204 i205 1206 1207
Unclassified  Lemon  Larpe  Small  Extra  Large/ Medium  Peewee | Unclassified Lemon  Large.  Small  Bxtra Large/  © Medium  Peewee
Sole Large  "Mixed i Sole Large Mixed
1980 101 824 745 2257 0 0 0 0 2.6 21.0 19.0 374 0.0 0.0 0.0 - 0.6
1981 31 02 748 2310 0 0 0 { .3 22.6 187 579 0.0 0.0 0.0 0.0
1982 137 517 549 1666 33 10 47 1 4.6 17.5 18.5 56.3 1.1 0.3 1.6 <0.1
1983 68 1506. 361 1758 160 25 i4 1 1.7 3B.6 23 451 4.1 0.6 0.4 <0.1
1984 154 370 2029 1231 6 4 28 108 3.9 54 516 313 0.2 0.1 0.7 2.7
1985 76 573 264 1076 {10 46 2 3 E 315 20.6 123 500 5.1 2.1 0.1 0.1
1986 183 176 741 5340 2 0 45 76 104 10.0 42.0 300 0.1 0.0 V 2.6 43
1987 118 241 1027 974 2 0 38 238 4.5 9.1 386 369 0.1 0.0 1.4 9.0
71988 149 164 995 1269 i <1 34 194 53 5.8 355 452 <{.1 <0.1° 1.2 6.9
1939 127 110 717 751 <i <1 37 ., 138 i 6.8 5.8 38.1 399 <0.1 <0.1 2.0 7.3
1990 112 71 629 882 <1 0 57 149 i 5.9 37 331 464 <{).1 - 0 30 7.8
1991 152 54 680 792 <1 0 46 52 ! 8.4 3.0 375 436 <0.1 4] 25 54
1992 151 64 673 767 <1 <1 26 140 83 35 369 421 <0.1 <11 14 1.7
1993 119 89 634 712 <1 <} 22 86 E 7.2 54 381 428 <0.1 (.1 | 1.3 5.2
1994 33 60 380 433 *EE R 2 x| 3.6 6.6 41.9 477 *rE Hokk 0.2 i
1995 70 49 245 351 ok Ak < Hestesk 9.9 57 347 497 HAk ok <0.1 ok
1996 191 67 414 577 Hk Ak 13 bk 151 5.3 328 450 Rk Hokok 1.2 Ak
1997 424 45 453 215 ¢ 1 91 58 32.9 3.5 352 167 6.0 <(.1 T 4.5

Lk 2

Prorated inte other market categories.
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Table 5. U.S. port sampling of commercial winter flounder landings of length composition and commercial ages from Georges Bank (Statistical
Areas 522-525, 551-562), 1980-1997. Total number of samples does not include 14 unclassified (market category 1200) samples from
1980 (1), 1981 (2), 1982 (4), 1985 (1), 1986 (1), 1990 (4), and 1991 (1).

Number of Samples by Market Category, Area and Quarter Annual Sampling Intensity
No. mt landed/sample

Lemon Sole (1201) Large (1202} and Large/Mixed Smail (1203), Medium 1201 1202 1203

Extra-Large {1204) {1205) Blackback (1206}, and Pee-Wee 1204 1205 1206

Totaf Total Tetal . | {1207} Blackback 1207

Samples  Measured Aged 1 Qz Q3 Q4 Tat i at Q2 Q3 04 Tot Qa2 @3 Q4 o Lemion Large Small
1980 8 863 226 g 0 1 0 1 ! 2 2 1 0 5 1 1 0 1 0 2 445 217 —-
1981 1 268 77 0 1 0 0 1 0 l 0 Q g 0 0 0 ] 0 o 355 —_ ———
1982 26 2900 739 0 1 & 2 g 0 1 § 3 10 0 1 5 1 71 26 71 190
1983 36 4493 8741 O 3 2 1 g 2 5 8 2 15 2 3 9 1 15 a7 42 84
1984 24 2855 593 0 1 3 1 5 3 3 4 3 13 1 2 g 3 6 1 135 11 48
1985 38 3927 8271 1 2 5 1 912 4 & 1 B2 3 7 1 13 5 28 75
1586 29 2822 563 1 i g 3 5 2 3 2 10 1 4] 3 4 14 ! 178 67 . 144
1987 33 3108 6181 2 1 1 2 6 4 3 3 1 11 5 3 4 4 16 | g7 51 131
1988 34 2959 €693 2 2 1 2 7 4 3 3 1 _ 11 4 4 4 | 4 16 B6 &1 111
1989 16 1470 280 1 1 o 0 2 3 2 0 1 8 1 3 3 1 8 412 124 282
1950 34 3469 737 ‘ 0 0 0 1 1 3 3 4 3 13 6 7 3 4 20 202 58 116
1991 35 3137 698 1 1 1 1 4 6§ . @ 2 2 16 6 3 33 15 [ 129 37 114
1992 35 3034 688 1 2 1 1 5 5 4 3 3 i5 ] 5 3 1 15 ) 301 36 118
1993 16 1435 338 1 2 0 i 4 3 2 0 0 5 1 5 0 1 7 93 408 185
1994 17 1345 330 | 0 1 1 1 3 1 2 2 1 6 1 3 3 1 - 8 20 64 54
1995 14 1137 274 1 1 i - 0 2 4 i 0 1] 3 4 2 1 0 3 6 | 10 ' 17 104
1996 11 1064 236 0 2 i i 4 o 2 1 1 4 0 1 1 1 3 17 - 104 192
1997 15 1155 225 0 ] 0 1 1 1 0 1 0 2 13 2 1 5 1 45 227 | 3
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Table 6. - Data pooling procedures used to apply length frequency samples to landings by
market category to estimate catch (numbers) at age of Georges Bank winter
flounder from 1982 to 1997.
Quarter 1 | Quarter 2 Quarter 3 Quarter 4 Market Category
' Comments
1982 Pooled X X
1983 Pooled X X
1204 (Extra Large) pooled
1584 Pooled Pooled with 1201 Lemon Sole
1985 X X X X 1205 (Large/Mixed) pooled
with 1202 (Large)
1986 X X Pooled
) 12066 (Mediuwm) and 1207
1987 X X X X . (Peewee) pooled with 1203
(Small)
1988 X X X X
1989 X X Pooled
1990 X X X X
1991 X X X ‘ X
1992 X X X X
1993 X Pooled
1994 Pooled | X X 1201 {Lemon Sole) and 1204
{Extra Large) pooled with
1202 (Large)
1995 X X Pooled
1205 (Large/Mixed) pooled
1996 Pooled X X with 1202 (Large)
1206 (Medium) and 1207
1997 ¥ X Pooled {Peewee) pooled with 1203
{Small)




Table 7A. ‘ Estimated landings at age (thousands) of Georges Bank winter flounder from 1982

to 1997.
Age

1 2 3 4 5 6 7 8 9 10+
1982 . — 3528 1707.2 10479 510.5 258.0 116.6 1012 304 32.8
1983 10.1  787.0  2901.5 145338 551.2 206.0 2208 1337 469 1270
1984 - 2817 370.0 13709 1408.2  "635.0 3027 2304 1693 2174
1985 19.6  804.6 693.0 811.6 490.7 111.5 50.7 21.6 197 8.2
1986 — 6648 13277 235.2 228.6 130.7 48.7 23.4 7.3 8.8
1987 -~ 12937 16813 898.9 133.2 88.6 40.3 351 250 20.6
1988 - 8333 27736 842.6 197.1 89.6 46.1 23.8 6.9 16.5
1989 -~ 1380.8 12220 509.3 147.2 106.7 28.9 22.0 57 3.9
1990 - 2949 20315 668.1 184.5 45.5 7.5 6.5 02 2.5
1991 — 5926 12700 950.6 135.8 378 299 18.0 8.6 3.9
1992 - 796.4 756.1 7274 468.1 92.2 32.2 146 108 3.6
1993 37.1 3005 11432 450.8 319.6 1631 207 13.4 5.4 7.4
1994 - 5328 582.2 246.0 67.3 56.7 34.4 9.3 4.3 3.0
1995 263.7  679.1 266.8 188.4 . 73.6 18.9 13.5 3.5 2.7 0.5
1996 — 7365 567.3 240.3 156.7 104.0 38.0 288 101 6.4
1997 - 4799 11149 589.6 131.8 34.8 11.3 7.1 2.0 13.3

Table 7B. Estimated weight (mt) at age for Georges Bank winter flounder landed from 1932

to 1997,
Age
1 2 3 4 5 6 7 8 9 10+
1982 99.6 760.6 817.5 5314 317.0 160.5 1642 611 68.1
1983 1.8 2195 13082 9714 4953 2040 2525 1685 691 2176
1984 82.1 266.2 802.6 1048.5 566.2 3178 2721 2214 3537
1985 3.3 3261 360.0 634.1 5149 152.3 78.2 376 40.1 16.4
1986 — 2644 809.7 1825 235.2 155.6 68.9 37.0 127 205
1987 - 4996 9243 780.5 1475  108.0 3.9 564 465 41.9
1988 — 2924 14158 641.2 226.6 118.5 73.5 422 142 - 344
1989 - 4981 565.1 4217 158.8 142.2 44.0 396 122 9.5
1990 — 1346 10352 5054 183.1 60.9 14.9 12.4 0.5 6.0
1991 — 2485 614.8 671.2 133.8 54.3 47.4 332 164 8.7
1992 — 3099 373.2 541.3 4247 109.6 428 241 168 6.2
1993 93 1155 614.4 342.1 301.3 211.1 34.3 252 124 17.2
1994 — 2010 318.0 2180 75.3 75.9 51.6 17.3 8.2 6.4
1995 74.6  267.9 159.3 124.3 75.5 24.3 21.4 6.3 53 1.4
1996 — 3042 3482 - 2171 1717 150.0 60.1 514 200 12.9
1997 — 1741 5958 414.2 133.3 49.8 17.5 13.3 4.3 27.6
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Table 7C. Estimated mean length (cm) at age for Georges Bank winter flounder from the
"~ commercial landings at age.

Age -

1 2 3 4 5 6 7 8 9 10+
1982 -- 30.68 3536 4242 4654 49.11 5091 53.68 , 57.46 58.03
1983 26.67 30-.53 3549 4029 4440 4578 4788 4540  52.00 54.51
1984 - 3105 3605 3872 4175 4431  406.61 4842  30.00 53.61
1985 2607 3412 3674 4227 4662 5072 5272 5485 5761 57.50
1986 -- 3399 36.13 4218 46.12 4837 51.04 5337  353.08 60.42
1987 - 33,72 3777 4388 4744 4870 53.17 5334 56.02 . 57.67
1988 -- 3277 3676 4195 4801 50.16  53.28 5515 57779 58.16
1589 - 3295 3545 4316 4686 35032 5252 55.52 58.64 61.33
1990 - 3572 36.93 4191 4574 35039 5720 5646  62.00 60.83
1991 - 34.65 36.06 4085 45.69 51.67 5327 56.00 5635 59.56
1992 .- 3380 3653 4171 4437 4843 4974 53.89 5220 54,73
1993 29.66 33.68 37.57 4180 4474 49383 3410 5630  60.05 60.23
1994 e 3353 2775 4409 4756 5036 52,13 56.16 56.04 5848
1995 3080 3394 3893 4005 4541 4935 5223 5552  56.88 63.00
1996 ~-= 34.65 3932 4442 4708 5164 5320 55.3%  57.29 57.53
1997 - 33.19 3742 4050 4575 5151 52.96 56.36  59.00 58.25

Table 7D. Estimated mean weight (kg) at age for Georges Bank winter flounder from the
commercial landings at age.

Age

1 2 3 4 5 6 7 8 8 10+
1982 - 0283 0444 0779 1.041 1228 1375 1.623 2.007  2.078
1983  0.181 0279 0451 0.668 ©0.89% 0591 1.144 1261 1475 - 1.713
1984 - 0292 0467 0585 0.744 0.891 1.050 1.180¢  1.308 1.626
1985  0.168 0405 0522 0782 1.050 1366  1.541 1.743  2.033  2.011
1986 - 0.398 0617 0.778 1029 1.194 1.420 1.601 1.764 2351
1987 -- 0385 0549 0868 1.107 1217 1582 1.605  1.861 2.038
1988 - 0350 0.516 0760 1.149 1323 1594 1770 2053  2.090
1989 - 0.359 0459 0826 1.076 1.332 1522 1.804  2.131 2.450
1990 -- 0457 0510 0757 0992 1.339 1983 1.909  2.531 2.388
1991 - 0418 0479 0702 0985 1438 1.582 1.853  1.897 2250
1992 - 0.390 0494 0744 0306 1.185 1.32} 1.656  1.552 1.727
1993 0250 0.384 0537 0758 0941 1294 1.657 L8830 2299  2.324
1994 -— 0377 0546 0.886 1.118 1338 1.499 1.867 1.910  2.133
1995 0.283 0394 0597 0.660 0999 1.287 1.582 1798 1.941 2,662
1996 - 0413 0.614 0903 1.09 1442 1.582 1788 1882  2.013
1997 - 0.363 0534 0702 1.011 1429 1555 1.87% 2,167  2.092
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Standardized, stratified abundance (numbers) and biomass (weight) indices for Georges

Table 8.
Bank winter flounder from the U.S. NEFSC Spring and Autumn, and Canadian Spring
research vessel bottom trawl surveys (U.S. survey strata 01130-01220; Canadian survey
strata SZ1-5Z8). Canadian biomass indices were estimated using the stratified mean
number at Jength and the U.S. survey length-weight regression coefficients. Door
standardization coefficients of 1.46 (numbers) and 1.39 (weight) were apphed to U.S.
survey indices before 1985 to account for differences in catchability between survey
doors (Forrester et al. 1997).
U.S. NEFSC Spring Survey U.S. NEFSC Autumn Sarvey Canada Spring Survey
Number/tow Weight (kg)/tow Number/tow Weight (kg)/tow Number/tow Weight (kg)/tow
1963 1.200 1815
1964 1.298 1.822
1965 2.152 2.050
1966 5.163 5,655
1967 Spring Survey initiated in 1968 1.781 72.074
1968 2.700 3.114 1.308 1.072
1969 3.136 4290 2370 2385
1970 1864 2.294 5.620 6.490
1971 1.838 2.168 1.324 1.259
1972 4.946 5.321 1.261 1.580
1973 2.946 3.507 1.218 1.195
1974 6.049 5.782 1.193 1.464
1975 1.953 1.407 3.790 | 2.061
1976 4672 3.012 5.987 3.925
1977 3.792 1.580 4.862 3.992
1978 7.068 5.055 4.056 3.100
1979 1.736 2.206 5.065 3.829
1980 3.221 2.801 1.661 1.865
1981 3.727 3.749 3.831 2434
1982 2.295 1.523 5301 2.692
1983 8.405 7.11 2726 2.363
1984 5.529 5.604 3.933 2.445
1985 3.837 2.650 1.979 1119
1986 2.003 1.214 3.575 2.178 Canadian Survey initiated in 1987
1987 2.803 1.247 0.762 0.889 3.73 12.83
1928 2,925 1.648 4.084 1.273 276 1.65
1989 1.299 0.757 1.560 1051 3.48 1.88
1990 2,803 1.573 0.498 0.246 329 1.74
1991 2.403 1319 0.268 0.126 1.43 0.97
1992 1416 0.898 0.677 0.384 225 1.39
1993 1.018 0.570 1.166 0.663 2.78 1.45
1994 1.292 0.578 0.870 0.578 2.45 0.98
1995 2613 1.489 2.357 1337 3.10 1.17
1996 2314 1.504 1.539 1.756 2.20 112
1997 1.610 1.192 1.744 1.534 2.80 1.77
1998 0.762 0.722 1.784 1.565 1.42 1.08
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Table 9A. Stratified mean catch/tow (numbers) of Georges Bank winter flounder (NEFSC strata 01130-01220) in the U.S. NEFSC
Spring research vessel bottom trawl survey. Indices have been corrected to account for changes in catchability due to
changes in trawl doors. '

Spring Age
Year 0 1 | 2 3 4 h] 6 7 8 9 10+
1680 0.0000 0.1837 1.9630 0.6802 0.4244 0.583¢ 0.1930 0.0131 0.1448 0.0352 1.0000
1581 0.0000 0.1061 (.1891 1.3794 1.0334 (.2698 0.2045 0.4945 0.0266 0.0238 0.0000
1982 0.0000 0.0736 0.7878 (0.3844 0.5957 0.1748 0.1497 0.0410 0.0175 0.0352 0.0352
1983 0.0000 0.0263 1.0262 3.1337 1.5819 0.6704 0.6969 0.5602 0.4195 0.1234 0.1669
1984 0.0000 0.0352 0.1418 1.9117 1.5371 0.4583 0.5456 0.4697 0.2622 0.0263 0.1418
1983 0.0000 0.0000 1.8507 0.6213 0.0285 0.3971 0.2206 0.0465 0.0241 0.0485 6.0000
1986 0.0000 0.2517 0.0618 0.7388 0.1159 0.1599 - 0.0748 0.0000 0.0000 0.0000 © 0.0000
1987 - 0.0000 0.1611 1.6488 0.5849 0.2939 (.0963 0.0G00 0.0000 0.0240 0.0000 0.0000
1988 0.0000 0.0725 0.5354 1.4354- 0.6799 0.1161 0.0412 0.0182 (0.0000 0.0263 0.0000
1989 0.0000 0.0483 0.5312 0.2673 0.2258 0.1558 0.0180 0.0000 0.0526 0.0000 0.0000
1990 0.00600 0.1270 0.6108 1.5623 03220 0.0976 0.0733 0.0000 0.6000 0.0000 (.0000
1991 0.0000 0.2702 0.3446 0.8243 0.5802 0.2752 0.0361 0.0241 0.0000 0.0432 0.0000
1992 0.0000 0.0722 .6000 0.29883 0.1391 0.1460 0.1094 0.0000 0.0240 0.0263 0.6000
1993 0.0000 0.1704- 0.2727 0.3322 0.1540 0.0000 0.0463 G.0180 0.624 1 0.0000 (.0000
1994 0.0000 0.1258 0.5753 0.4083 0.1021 (0.0359 0.0443 0.0000 0.0000 0.0000 0.0000
1995 0.0000 0.1487 0.7817 1.2580 0.2935 0.1015 0.0292 0.0000 0.0000 0.0000 0.0060
1596 0.0000 0.0372 1.2191 0.4312 0.4888 0.0089 0.0263 0.0420 0.0000 0.0000 0.0000
1997 0.0000 0.0241 0.1923 0.5354 0.668% 0.1139 0.0241 0.0263 0.0000 .0241 0.0000
1998 0.0000 0.0000 0.0233 0.4265 0.1240 0.0G00 0.0263 0.0000 0.0000 0.0000

0.1621
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Stratified mean catch/tow (numbers) of Georges Bank winter flounder (NEFSC strata 01130-01220) in the U.S. NEFSC

- Table 9B.
Autumn research vessel bottom trawl survey. Indices have been corrected to account for changes in catchability due to
changes in trawl doors.
Autumn Age

Year 0 i 2 3 4 5 6 7 8 9 | 10+

1980 0.0385 0.1218 $.4034 0.3881 0.2643 0.2251 ' 0.1618 0.0000 3.0245 0.0077 (.0263
1981 0.0000 2.1322 0.5043 0.3922 0.4723 0.1313 0.0583 0.0701 0.0352 4.0175 0.0175
1982 (0.2813 1.9636 2.1455 0.4383 0.3368 0.1216 0.0137 0.0000 0.0000 (.0000 6.0000
1983 0.0854- - 0.0689 0.5828 1.1333 0.4898 0.0572 0.1905 0.0842 0.0321 (.0060 0.0000
1984 0.2365 0.6602 0.9909 0.9156 0.8113 0.2304 0.6588 0.0139 0.0162 0.0000 0.0000
1985 0.1085 0.3233 .9966 0.4172 0.0789 0.0270 - 0.0270 6.0000 0.0000 0.0000 0.0000
1986 0.2020 1.0945 1.5675 0.3680 0.2026 6.0479 0.0241 0.0232 0.0000 0.0000 0.0479
1987 0.0000 0.0526 0.2035 0.2181 0.1211 0.0000 0.078% 0.0611 0.0263 0.0006 0.0000
1988 0.0452 2.9253 0.0351 03860 0.0395 0.6000 0.0248 0.0248 0.0000 0.0000 0.0600
1989 0.0241 0.0963 1.0601 0.0722 0.1417 (.0725 0.0575 0.0094 0.0260 0.0000 0.0000
1990 0.0000 0.0840 0.0600 0.3026 | 04.0000 0.0510 0.0000 0.70000 0.0000 0.0006 0.0000
1961 0.1078 0.0456 0.0000 0.0620 0.0526 0.0000 $.0000 0.0000 0.0000 0.0000 0.06000
1992 0.0000 0.0233 0.4610 0.1567 4.0694 0.0263 0.6000 0.0000 0.0000 0.0000 0.0000
1993 (.0000 0.5901 0.1316 0.2461 0.1723 0.0263 0.0000 0.0000 0.0000 0.0000 0.0000
1994 0.0000 0.1648 0.4288 0.1582 0.0850 (.0331 0.0600 0.0000 0.0000 0.0000 0.0000
1995 0.0180 0.9675 0.8979 0.3596 0.0480 0.0478 0.0000 0.0000 0.0180 0.0000 0.0000
1996 0.0060 0.1226 0.3380 0.6241 0.2436 0.0550 0.0934 0.0620 0.0000 0.0000 0.0000
1997 0.0180 0.6851 (.5741 0.29357 0.0615 0.0283 0.0031 0.0000 0.0000 0.0000

0.0782
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Table 9C. Stratified mean catch/tow (numbers) of Georges Bank winter flounder (DFO strata 521-528) in the Canadian Spring
research vessel bottom traw] survey. Age keys were used from the corresponding U.S. NEFSC Spring survey for fish less
than 40 cm, and from U.S. commercial age keys for fish greater than or equal to 40 em. Commercial ages were unavailable
for 1998 so only U.S. survey ages were used to partition the 1998 stratified mean length indices.

Autumn Age
Year 0 i 2 3 _ 4 5 6 7 8 9 10+
1987 0.020 0.050 0.784 1.887 0.551 0.122 0.149 0.092 0.045 0.036 0.024
1988 0.000 0.786 1.256 0.234 0.253 0.083 0.033 0.019 0.011 0.026 0.000
1989 0.000 - 0.400 0.979 (1355 0.600 0.058 0.053 0.010 0015 0.000 - 0.000
1990 0.000 0.156 0.753 1.983 0.250 0.113 0.017 0.005 0.005 0.000 0.006
1991 0.000 0.040 0.225 0.480 0.583 0.105 - 0.019 0.006 0.000 0.000 0’.000
1992 0.000 0.020 0.610 1.018 4323 0.191 (.038 0.018 . 0.001 (0.002 0.013
1993 0,000 - 0.932 0.515 0.689 0.218 0.247 0.141 0.053 0.001 0.000 0.000
1994 0.000 0.007 1.600 0.562 . 0202 0.055 0.011 0.014 0.010 0.000 0.000 -
1995 0.000 0.732 1.263 0.845 0.130 0.100 0.021 0.010 0.005 0.001 0.000
1996 0.000 0.301 0.932 0.414 0.323 0.117 0.053 0.029 0.019- 0.007 0.003
1997 0.000 0.110 0.590 0.785 0.987 0.180 0.063 | 0.018 6.026 0.013 © 0.600
1998

0.002 0.080 0.120 0.492 0.528 0132 . 0.011 0.015 0.000 0.000 0.000
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Table 10. Proportion mature at age for female winter flounder sampled by the U.S. NEFSC Spring research vessel survey from 1982
to 1997. Logistic regression equations and age at 50% maturation are presented annually and for data pooled across the
entire time series. '

Ase Logistic Regression Coefficients

N [ 2 3 4 5 a ‘ b AS0
1982 23 G.00 0.44 1.06 100 i.00 18.30 9.04 2.02
1983 79 0.00 .14 0.56 1.00 1.00 6.38 2.22 2.87
1984 54 0.00 0.80 1.00 0.93 0.93 17.70 9.54 1.85
1985 40 0.03 0.62 0.99 1.00 1.00
1986 a8 0.00 1.06 1.00 1.00 1.00 19.83 13.59 1.46
1987 67 ¢.00 0.83 1.00 1.00 1.00 ‘ 18.44 10.00 - L84
1988 42 0.00 0.13 0.95 1.00 1.00 £1.88 4.96 S 239
1989 15 0.00 0.20 1.00 1.00 1.00 24.56 11.58 . 212 .
1996 43 0.00 0.44 1.06 1.00 1.00 23.80 11.79 2.02
1991 _ 34 0.00 0.00 1.00 1.00 1.00 7 3425 14.10 243
1992 3 0.0d 0.54 .78 1.00 1.00 328 1.64 2.00
1993 ' 21 0.00 1.00 1.00 1.60 1.00 — —_— —
1994 30 0.00 0.79 0.86 1.00 1.00 349 2.16 1.62
1995 21 0.00 0.33 1.00 1.00 1.00 24.48 11.90 2.06
1996 43 0.00 076 - 1.00 1.00 1.00 18.23 9.70 1.88
1997 9 0.00 0.67 1.00 1.00 13.98 7.34 1.91
1998 10 | 0.00 - 1.00 1.00 1.00 — — | -
1982-1998 561 0.09 .62 9.92 6.99 1.00 3.99 2.18 1.83
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Table 11. Virtual Population Analysis (VPA) run descriptions including a summary of
diagnostics and results. Run 15 represents the final accepted VPA.
VPA Run # Run4 Run 9 Run 8 Run 11 * *Run 15*%*
Inputs
Estimated Ages lto6 2t06 2t06 2to6 2t06
Tuning Indices
US Spring 1-7 Ages 1-7 Ages 1-7 Ages 1-7 Ages1-7  Ages1-7
US Spring 1-5+ No No No  Yes No
US Autummn 1 Ages 1-7 Ages 1-7 Ages 2-7 Ages 2-7 Ages 2-7
US Auturmm 2-5+ No No No Yes No
Canada Spring . - o " Ages 1-7
Diagnostics
Sum of squares 142.42 142.42 13547 114.36 189.26
Mean squared 0.754 0.754 0.753 0.841 0.736
CV Age 1 Numbers 0.92
CV Age 2 Numbers 0.52 0.52 0.52 0.48 0.40
CV Age 3 Numbers 0.46 0.46 0.47 0.44 0.36
CV Age 4 Numbers 0.46 0.46 0.46 0.56 0.37
CV Age 5 Numbers 0.40 0.40 0.40 0.68 0.34
CV Age 6 Numbers 0.41 0.41 0.41 0.59 0.34
MinvMax CV g 0.22-0.28 0.22-0.28 0.22-0.28 0.23-0.24 0.21-0.28
{US Spring) :
Min/Max CV g 0.22 -0.29 0.22-0.29 0.22-0.27 0.23-0.24 0.21 -0.26
(US Autummn)
Min/Max CV g -— -~ - - 0.25-0.27
(Canada Spring)
Stan. Residuals > 2 8 3 8 0 9
Maximurm Partial 2.026 2.010 2,016 2.081 2.421
Variance USAutumn 7  USAutumn 7 US Autumn?7  US Autumn 2 Can Spring |
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Table 11 (Cont). Virtual Population Analysis (VPA) run descriptions including a summary of
diagnostics and results. Run 15 represents the final accepted VPA.

VPA Run # Run 4 Run9  Run$8 Run 11 **Rup 15%*

Terminal Year Resulis

Stock Numbers 5991 5124 5346 5970 5688
1998 Age 1 Numbers - 867 : memae mewn e -
1998 Age 2 Numbers 551 551 336 1302 774
1998 Ager 3 Numbers 992 992 1190 2048 1568
1998 Age 4 Numbers 2026 2026 2044 1769 2097
1998 Age 5 Numbers 1008 1008 1006 311 797
1998 Age 6 Numbers 397 397 ' 400 467 330
1998 Age 7 Numbers 151 151 | 151 13 122

Fishing Mortality
1997 Age 2 F 0.36 0.36 0.31 0.19 0.24
1997 Age 3 F 0.40 0.40 (.40 (.45 0.3%
1997 Age 4F 0.42 (142 0.43 1.00 0.51
1997 Age 5 F 0.26 0.26 0.26 0.23 0.31
1997 Age 6 F : 0.34 0.34 0.34 0.61 0.41
1997 Average F (4-6,0) 0.34 ’ 0.24 0.34 0.61 0.41

Biomass
1997 Mean Biomass : 3913 3913 40608 3762 | 3943
1967 Jan 1 Biomass 4551 4551 4629 4261 4519

1997 S5B 3702 3702 3749 3129 3536
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Table 12. Stock numbers (thousands), fishing mortality, and spawning stoclk biomass {mt) at age
of Georges Bank winter flounder estimated using an ADAPT calibration .

STOCK NUMBERS . '
1382 1283 1984 1988 1586 1987 1988 1989

1 4527 2725 5089 5563 BOZ27Y 5307 5002 5243

2 B235 3788 2222 4586 4864 6572 4345 7370

3 £532 6424 2389 1564 3354 3381 4210 2802

4 3382 3803 2634 1441 654 1545 1247 527

5 1253 1521 1759 516 445 322 451 258

6 762 572 552 198 306 158 143 151

? 822 1453 1408 175 204 211 i4s 106
1+ 25624 20585 17832 15243 17854 17496 18545 16308

12580 1991 1552 1953 1954 1595 1856 1987 1998

1 3327 4523 2441 2908 4813 £944 2387 546 00
2 4233 27324 3703 lo9s8 2346 3840 5447 2445 774
3 4785 3248 1654 2311 1364 1439 2811 3753 1568
4 1188 2079 1510 703 858 550 936 1625 2087
5 307 368 B2 578 ig? 480 313 549 757
6 78 g4 17% 266 184 76 324 114 330
7 28 133 117 75 152 81 258 ilo 122

1982 1983 1984 1985 1986 1987 1988 1989
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 ¢.00
2 G.05 0.26 0.15 0.20 0.16 0.25 C.24 0.23
3 C.34 0.69 0.31 0.67 0.58 0.80 1.30 0.66
4 0.42 0.55 0.86 C.37 0.51 1.03 1.37 0.92
5 0.59 0.41 2.00 0.50 0.84 0.61 0.66 n.39
6 0.47 0.51 1.23 0.97 0.64 0.97 1.17 0.96
7 0.47 0.51 1.23 0.97 0.64 0.97 1.17 0.96
4-6,u 0.49 .49 1.36 0.95 0.566 0.87 1.07 0.96
1990 1591 1992 1983 1994 1995 1996 1997
1 0.00 0.00 0.00 0.01 0.00 0.04 0.00 0.00
2 0.08 0.28 0.27 0.18 0.29 0.21 0.16 0.24
3 0.63 0.57 G.68 0.72 0.64 0.23 0.27 6.39
4 0.97 0.70 0.76 1.23 0.38 0.44 0.32 0.51
5 1.09 0.352 0.95 0.%4 0.59 G.1% 0.81 0.31
6 1.03 0.69 0.84 1.13 0.42 0.32 0.44 0.41
7 1.03 0.69 0.84 1.13 0.42 0.32 0.44 0.41
4-6,u 1.03 0.64 0.85 1.10 0.46 0.32 0.52 0.41
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Table 12 (Continued). Stock numbers (thousands), fishing mortality, and spawning stock
' biomass (mt) at age of Georges Bank winter flounder estimated using
an ADAPT calibration .

SSE AT THE START OF THE SPAWNING SEASON -MALES AND FEMALES (MT) (using SSB mean weights)

1882 1233 1984 1985 1986 1987 1588 1389

1 00 oo oo 00 o oo o0 0o
2 1083 505 295 814 726 1035 654 1127
3 1563 1765 7L7 471 131z 1182 1273 B73
4 2172 1788 1056 688 360 879 589 487
5 1150 1350 gle 577 324 254 380 184
& 754 504 6a7 158 289 140 132 188
7 1162 1685 1339 238 272 289 136 147
1+ B285 7601 4830 2547 3285 3730 3224 3006
1550 1991 1532 1993 1994 1985 1996 1957

1 o0 o 1] oo co G0 [E5e) 00
2 760 444 583 318 405 532 1c74 373
3 1538 1205 595 797 486 576 1075 1457
4 558 1041 748 223 527 31z €18 326
5 214 275 535 385 132 417 218 473
6 74 84 157 A21 1a3 82 343 126
7 45 194 135 108 238 123 393 181
1+ 3247 3243 2756 2152 1870 2143 3721 3536
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Table 13. Yield per recruit and SSB per recruit analysis for Georges Bank winter flounder.

The NEPFSC Yield and Stock Size per Recruit Program - PDBYPRC
PC Ver.l.2 [Method of Thompson and Bell (19234)] 1-Jan-129%2
Run Date; 11-12-1%98; Time: 15:58:51.70 .
GB WINTER FLOUNDER - 15 Year, No Plus Group

Proportion of F before spawning: 2000
eroportion of M before spawning: 2000
Natural Mortality is Comstant at: .200

Initial age is: 1; Last age is: 15§

Last age is a TRUE Age;

Original age-specific PRs, Mats, and Mean Wts from file:
==> gbwinfl.dat

Age | Fish Mort Nat Mort | Propeortion | Average Weights

| Pattern Pattern | Mature [ Catch  Stock

1 aoeo 1.0000 cooo 221 168

2 5400 1.0000 6200 387 300

3 .BE00 1.0000 5200 .873 474

4 1.0000 1.0000 1.0000 .788 .870

5 1.0000 1.0000 1.0000 1.055 .817

s 1.0000 1.0000 1.0000 1.372 1.1585

7 1.0000 l1.0000 1.0000 1.521 1.428

8 1.0000 1.0000 1.0000 1.757  1.673

S 1.0000 1.0000 1.0000 1.894 1.827

10 1.0000 1.0000 1.0000 1.578 1.5838
11 1.0000 1.0000 1.0000 2.0B0  2.024
12 1.0000 ©o1.0000 1.0000 2.143 2.12%
13 1.0000 1.0000 1.0000 2.204 2.165
14 1.0000 1.0000 1.0000 2.24% 2.1385
13 1.0000 1.0000 1.0000 2.265 2.251

© Summary of Yield per Recruit Analysis for:
GE WINTER FLOUNDER - 15 Year, No Plus Group

5lope of the Yield/Recruit Curve at F=0.00: --» 4.1118

F level at slope=1/10 of the above slope (F0.1): -=w-- > L2089
Yield/Recruit corresponding to FO.1: ----- > L3361

F level to produce Maximum Yield/Recruit (Fmax): ----- > L 420
Yield/Recruit corresponding to Fmax: ----- > .3652

F level at 20 % of Max Spawning Potential (F20): ----- > 472
58B/Recruit corresponding to F20: -------- > L8073

35



Table 13 (Cont). Yield per recruit and SSB per recruit analysis for Georges Bank winter
: flounder.

Listing of Yield per Recruit Results for:
GE WINTER FLOUNDER - 1% Year, No Plus Group

FMORT TOTCTHN TOTCTHW TOTSTKN TOTSTKW SPNSTKN SPNSTEW % MSP

oo coooo ooaoo 5.2420 4.4887 3.7252 4.0372 100.00

05 14133 15784 4.66094 3.5613 3.1478 3.1168 77.20

10 24124 24594 4.2444 2.9077 2.7205 2.4718 61.22

15 31356 30172 2.5207 2.4361 2.3959 4.0089 45.76

20 -36821 33218 3.6682 2.0881 2.1430 1.6652 41.35

FO.3 L2 .37670 .33609 3.6284 2.0351 2.1032 1.5176 40.07
25 41087 34944 3.4668 1.825s6 1.541s 1.4%142 35.03

30 44510 35881 3.3030 1.6233 1.777% 1.2186 30.18

38 47323 36339 3.1672 1.4648 1.6424 1.0657 26.40

L4 0 48683 36505 3.0531 1.3377 1.5285 5439 23.38

Fmax .42 .-50538 .38517 3.011s 1.2831 1.4871 201z 22.32
.45 5168% 36453 2.9557 1.2346 1.4314 8453 20.94

F20% LA .52493 .36451 2.9168 1.1548 1.3528 8073 20.00
50 53424 36274 2.8717 1.1457 1.3478 7644 18.93

58 540541 36192 2.7583 1.0787 1.274¢6 6970 17.26

60 56280 35873 2.7338 1.0188 1.2102 6402 15.88

65 57472 35736 2.6764 L5675 1.2531 5518 14.66

70 58541 35493 2.8251 .9233 1.1021 5501 13.83

75 558508 35250 2.5780 .8848 1.0561 5140 12.73

80 60386 35012 2.5372 .8510 -1.0145 4823 11.85

85 61188 34782 2.4952 821z 8766 4545 11.286

50 61924 34551 2.4644 7947 5420 4257 10.64

95 62602 34350 2.4325 7708 8102 4076 10.10

1.00 63230 34149 2.4030 7495 8808 3877 5.60
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Table 14. Results of an ASPIC surplus production model of Georges Bank winter flounder.

Georges Bank Winter Flcunder -- ASPIC 3.6x -- Two Indices ’ Page 1
. 01 Dec 1957 at 22:27

ASPIC -- A Surplus-Producticn Model Including Covariates (Ver. 3.64) FIT Mode

CONTROL PARAMETERS USED (FROM INPUT FILE}

Number of years analyzed: 34 Number of bootstrap trials: o
Number of data series: 2 Lower bound on MSY: 1.000E+00
Cbhjective function gomputed: in EFFORT Upper bound on MEY: 5.000E+02
Relative conv. criterion (simplex): 1.000E-58 Lower bound on r: 1.000E-01
Relative conv. criterion {restart): 3.000E-08 Upper bound on r: 1.000E+01
Relative conv. criterion {effort): 1.D00E-04 Random number seed: 1964285
Maximum F allowed in fitting: 5.000 Monce Carlo search trials: 50000
PROGRAM STATUS INFORMATION {NON-ROQTSTRAPPED ANALYSIR) code 0

Normal convergence,

CORRELATION AMONG INPUT SERIES EXPRESSED AS CPUE (NUMBER OF PAIRWISE OBSERVATIONS BELOW)

1 USA Fall survey 1.000

34
2 USA Spring Survey (lagged) 4.282 1.000
31 31
3 Canadian Survey {lagged) | 0.636  0.157 1.00
i 12 12 12
1 2 3

Welghted Welghted Current Suggested R-sBguared
Loss component number and title S5E N M5E weight weight in CPUE
Loss{-1) SSE in yield 0.000E+00
Lossi 0) Penalty for BlR » 2 0.000E+00 1 N/& 1.000E+00 N/A
Loss( 1) USh Fall Survey 1.098E+01 32 3.433E-01 1.000E+00 5. 345E-01 0.323
Lesg( 27 USA Spring Survey (lagged} 7.131E+00 21 2.459E-01 1-000E+DC T.462E+00 ©.273
Losa( 3} Canadian Survey {lagged) €.1569E-0L iz 6.169E-02 1.000E+00 2.974E+00 0.508
TOTAL OBJECTIVE FURCTION: 1.87327B25E+01
Number af restarts required for convergenge: 28 ’
Est. B-ratio c¢overage index (0 worst, 2 best}: 0.8027
Est. B-ratio nearness index (0 worst, 1 best): 1.0000
MODEL, PARBMETER ESTIMATES (NON-RBROOTSTRAPPED)
Parameter . Estimate Starting guess Bstimated User guess
B1lR Starting biomass ratio, Yyear 1364 5.514E-01 1.000E+00 1 1
MSY Maximum sustainable yield 3.06BE+00 2.500E+00 1 1
r Intringic rate of increase 5.3B0E-01 4,000E-01 L 1
........ tatchability coefficients by fishery:
al 1) USA Fall Survey 2.394E-01 2.410E-01 1 1
gl 2) USA Spring Survey {lagged) 3.125E-01 3.550E-01 1 1
qt 2) Canadizn Survey (lagged) 3.881E-01 3.000E-01 1 1
MANAGEMENT PARAMETER ESTIMATES (NON-BCOOTSTRAFPPED)
Parameter Estimate Formula
MSY Maximum sustainable yield 3.06BE+00 Kr/4
X Maximum stock bicmass 2.281E+01
Bmsy Stock biomass at MSY 1.140R+01 w2z
Fmsy Fishing mortality at MSsY 2.650E-01 /2
F{o.1) Mznagement benchmark 2.421E-01 0. 3*Fmsy
Y{o.1) Equilibrium yield at F{0.1} 2.037E+00 0.99xH5Y
B-ratio Ratioc of B(1$57) to Emsy 3,7356E-01
F-ratic Ratio of F(1596) to Fmsy 1.298E+00
Y-ratio Proportion of MY avail in 1997 6.102E-01 2%Br-Br*2 Ye(19%7) = L.B72E+Q0
........ Fishing effort at MSY in unite of each fishery:
fmsy{ 1} USA Fall Survey 1.124E-01 r/2q( 1) £{0.1) = 1.01liE-01
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Table 15.

biomass (mt)

landings,

estimates are provided for the 10th, 50th, and 90 percentiles for various levels of fishing
mortality in 1999 including current and proposed bioleogical reference points.

Results of short-term stochastic projections of landings (mt)
in 2000 for Georges Bank winter flounder.
mt based on projections by the NEFMC Multispecies Monitoring Committee and assumed Canadian
resulting in a realized F of 0.34 in 1998.

in the 15%% and spawning stock
Landings in 1998 were assumed to be 1,107

Projected landings and spawning stock biomass

Landings (mt) Total Stock Biomass (mt} Spawning Stock_Biomass
in 1999 in 2000 (mt} in 2000

Fishing Mortality 10% 50% 90% 1ﬁ% 50% 90% 10% 50% 90%
0.00 0 a 0 5,863 7,552 9,423 4,098 5,374 6,793
0.03 (Frargetr) 89 118 150 5,695 7,342 9,170 3,986 5,228 6,613
0.04 (Fiuesnotal 119 157 199 5,641 7,274 g,088 3,948 5,181 6,552
0.21 (Fy.4) 578 764 269 4;804 6,244 7K84B 3,377 4,446 5,638
0.34 {Fige) 888 1,172 1,487 4,275 5,586 7,068 3,004 3,967 5,046
0.47 (F,u) 1,185 1,576 2,011 3,823 5,042 6,406 2,676 3,550 4,529
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Figure 1. NEFSC statistical areas included in the Georges Bank winter flounder assessment.
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Figure 2. Total commercial landings (mt} of winter flounder from the Georges Bank stock (U.S. statistical
areas 522-525, 551-562; NAFO areas 57h,j,m,n).
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Figure 3. Unstandardized landings (mt) per unit effort (days fished) for all otter trawl trips landing
 winter flounder and for directed trips (trips where landings of winter flounder constitute
50% or more of the trip).
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Figure 4. U.S. and Canadian research vessel bottom trawl survey abundance (number per

tow; top panel) and biomass (kg per tow; bottom panel) for Georges Bank winter
flounder, 1963-1998. Canadian weight per tow was estimated using the stratified
mean number per tow at length and the U.S. survey length-weight regression

equation.
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Comparison of estimated instantaneous fishing mortality rate estimated from NEFSC
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ages 4-6. The x-axis labels give the 3-year average used to generate the survey based
estimates of F. The midpoint of this range (i.e., 1982 for the range 1981-83)
corresponds to the VPA estimates of F.
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Figure 8. Age composition of the spawning stock biomass estimated from Virtual

Population Analysis for Georges Bank winter flounder from 1982 to 1997.
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(F, ages 4-8, unweighted) estimated from Virtual Population Analysis for
Georges Bank winter flounder from 1964 to 1997.
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Figure 10.  Precision of the estimates of spawning stock -biomass {top panel) at the beginning of the

spawning season {(April 1) and instantaneous rate of fishing mortality (bottom panel) on the
fully recruited ages (ages 4-6) in 1897 for Georges Bank winter flounder. The vertical bars
display both the range of the estimator and the probability of individual values within the
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Figure 13. Proposed control rule for Georges Bank winter flounder based on survey equivalents
of MSY-based reference points from the Overfishing Definition Review Panel report
(Applegate et al. 1898).
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Figure 14.  Comparison of estimated age 1+ biomass and fishing mortality (weighted by biomass)
from an ASPIC surplus production model and an ADAPT virtual population analysis for
Georges Bank winter flounder.
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Figure 15. Time frajectory of fishery yield from the Georges Bank winter flounder stock relative
to the surplus production curve estimated by ASPIC.
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Figure 16. Results of short-term stochastic projections for the Georges Bank winter flounder
stock. Projected landings of 1,107 mt assumed in 1998. Winter flounder landings in
1989 and spawning stock biomass in 2000 are shown as a function of fishing
mortality in 2000.
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Results of short-term stochastic projections for the Georges Bank winter flounder
stock. Projected landings of 964 mt assumed in 1998. Winter flounder landings in
1999 and spawning stock biomass in 2000 are shown as a function of fishing
mortality in 1999. Dotted lines indicate 80% confidence intervals around each line.
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Appendix 1; ADAPT VPA calibration for the Georges Bank winter flounder assessment.

Index
Input and Analysis Parameters: Pages
Input Parameters and Options Selected 56-57
Obs Indices (before transformation) =~ - 58
Catch at Age . 59
Weights at Age _
Mid-Year Weight at Age 60
Jan 1 Biomass Weights at Age 60
SSB Weights at Age 61
Computed (Rivard) Jan 1 Weights 61
Maturation Ogive 62
Diagnestiés:
Marquardt Algorithm Sums of Squares 63
Results
Sums of Squares, Parameter Estimates 64
CV’s, Catchability Estimates (q’s) 64
Summary of Residuals ' 65-69
Standardized Residuals 70
Percent of Total Sums of Squares 71
Results: )
Stock Numbers 72
Fishing Mortality at Age 72
Weighted F’s 73
Back Calculated Partial Recruitment 74
Mean Biomass : 74
Catch Biomass - 75
Jan 1 Biomass 76
Spawning Stock Biomass ' 77

Woods Hole Assessment Toolbox Georges Bank Winter Flounder 1982-1557
Georges Bank Winter Flounder 1382-1537 1882 - 159%8

Input Parameters and Cptions Selected

Natural mortality is 0.2

Oldest age (not in the plus group} is 6

For all years prior to the terminal year { 1997 ), backcaleulated
stock sizes for the following ages used to estimate

total mortality (Z) for age € : 4 5 6

This method for estimating F on the cldest age is generally used when

a

Runn Number 15

flat-topped partial recruitment curve is thought to be characteristic of the stock.

F for age 7 + is then calculated from the following
ratios of Flage 7 +] to Flage 6 ]
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Stock size of the 7 + group is then calculated using
the following methed: CATCH EQUATION
Partial recruitment estimate for 1598

1 0.01
2 c.2
3 0.6
4 1

5 1

[ 1

Cbhjective functien is Sum w* (LOG (OBS) -LOG (PRED) ) **2

Indices normalized (by dividing by mean observed value)
before tuning toc VPA stocksizes
Downweighting is not used
Biomags estimates (other than 88B) reflect mean stock sizes.
5SB calculated as in the NEFSC projection program

{see note below 8B table for deseription of the algorithm) .
Initial estimates of parameters for the Marquardt algorithm
and lower and upper bounds on the parameter estimates:

Par. Initial Est Lower Bnd Upper Bnd
N 2 5.00E+04 1.00E-03 1.00E+08
N 3 1.00E+04 1.00E-03 1.00E+06
N 4 5.00E+03 1.00E-03 1.00E+06
N & 2.50E+03 1.C00E-0Q3 1.00E+Q6
N & 2.00E+03 1.00E-03 1.0CE+06
g Us_spl 1.00E-04 1.00E-08 1.00E+00
¢ Us_3p2 1.00E-04 1.00E-D8 1.00E+D0
g US_Sp3 1.00E-04 1.00E-08 1.00E+00
g US_5Sp4 1.00E-0C4 1.00E-08 1.00E+00Q
g Us_8p5 1.00E-0C4 1.00E-08 1.00E+00
g Us_Spe 1.00E-04 1.00E-08 1.008+00
g Us_8p7 1.00E-04 1.00E-08 1.00E+00
g Us ALz 1.00E-04 1.0CE-08 1.00E+00
q US_AZ3 1.00E-04 1.00E-08 1,.00E+00
q US_A34 1.00E-04 1.00E-08 1.00E+0Q0Q
a US_A45 1.00E-04 - 1.00E-08 1.00E+00
g US_Asse 1.00E-04 1.0CE-08 1.00E+00
g US_as7 1.00E-04 1.00E-08 1.00E+CQ
The following indices of abundance are available

1 Us_spl

2 Us_Sp2

3 Us_Sp3

4 US_Spa

5 us_sps -

3 Us_sps

7 Us_sp7

8 Us_ACL

] US_Al2

10 UsS_A23

11 US_A34

12 US_A45

13 US_AsE

14 Us_a67

The Indices that will be used in this run are:

1 US_spl {Us Spring Age 1}
2z Us_spz {US sSpring Age 2)
2 Us_Sp3 {US Spring Age 3)
4 US_Sp4 {US spring Age 4)
5 Us_sps {US Spring Age 5)
3 US_Sps {US Spring Age 6)
7 Us_sp7 {US spring Age )
] US_Alz {US hurumn Age 1, lagged forward te age 2 in the following year}
10 US_222 {US Autumn Age 2, lagged forward to age 3 in the following year)
11 US_a34 {US Autumn Age 3, lagged forward to age 4 in the following year)
1z US_A4s {US autumn Age 4, lagged forward to age 5 in the following year)
13 Us_ASé {US Autumn Age 5, lagged forward to age § in the following year)
14 Us_as7 (US Butumn Age 6, lagged forward to age 7 in the following year)
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Cbz Indices (before transformation) by index and year; with Index means

19582 i982 1984 13585 1886 1387 1988
Us_spl 0.07 0.03 0.04 0.00 0.25 .16 0.07
Us_Spz2 0.79 1.03 0.14 1.85 D.66 1.65 0.54
US_sSp3 0.38 3.13 1.381 0.82 0.74 0.58 1.44
U5_5p4 0.60 1.58 1.54 0.63 0.12 0.22 0.68
US_sSp5s 0.17 0.7 0.44 .40 0.18 0.09 c.12
US_Sps .15 G.70 0.55 0.22 - 0.07 0.90 G.04
Us_sp? 0.04 0.56 0.47 .05 0.00 2.00 .02
US_Alz2 2.13 1.86 0.07 C.86 0.32 1.09 .05
Us_A23 0.50 2.158 G.58 0.99 1.00 1.57 c.20
UsS_A34 0.39 C.44 1.13 g.92 0.42 0.37 0.22
US_R45 0.47 0.34 0.49 c.s81 0.08 0.20 .12
Us_ASs 0.13 0.12 0.06 0.23 0.63 0.05 c.oo
Us_as7 0.06 0.01 c.19 0.06 0.03 0.02 0.08
198% 1950 1981 1952 1993 1954 1535
Us_8pi 0.05 0.13 0.27 0.07 0.17 0.13 0.1c
Us_Spz2 0.83 0.61 0.34 0.&80 0.27 0.58 c.78
Us_S8Sp3 0.27 1.56 0.82 0.36 0.33 0.41 1.26
US_sSp4 0.23 0.33 0.58 0.14 0.15 0.10 c.29
Us_sps 0.18 0.10 0.28 . 0,18 .00 0.04 ¢.10
Us_Sps G.02 0.07 0.04 0.121 0.05 0.04 0.03
Ug_Sp7 6.00 0.00 0.02 0.00 0.02 ¢.00 0.00
Us_Al2 2.53 0.10 0.08 0.05 0.02 0.59 0.16
Us_Az3 .64 1.06 0.05 0.00 ¢.46 0.13 0.43
US_AZ24 0.39 0.07 0.30 0.086 0.16 0.25 0.16
US_A45 0.04 0.14 0.00 0.05 0.01 0.17 0.0
US_AS5s 0.00 0.07 0.065 0.00 0.03 0.03 ¢.03
Us_re? 0.02 .06 G.00 ¢.00 0.00 G.00 0.00
1996 19387 1528 Average
Us_spl .04 .02 C.00 c.11¢
Us_8p2 1.22 g.1% .02 0.694
Us_sSp3 0.43 0.54 0.1¢ 0.878
Us_sSp4 0.49 0.67 0.43 6.520
us_Sps 6.07 0.11 0.12 0.158%
UsS spé 0.03 0.02 .00 0.142
Us _Sp7 0.04 0.03 G.03 0.127
Us_Alz 0.387 0.12 .08 0.670
Us_A23 .80 0.34 .69 0.731
Us_Aa34 0.36 0.62 c.57 0.401
US_R45 .05 0.24 .30 0.225
UsS_ASe 0.05 0.06 0.06 0.0M1
US_As7 0.00 .08 0.03 0.080
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Catch at age (thousands) - D:\What 1.8

1982 1983 1584 1585 198¢€ 1587 1988
1 00 10 0o 20 53¢} 0o 00
2 353 787 282 805 665 1294 B335
3 1707 2902 570 693 1:28 is8l 2774
4 1048 1454 1371 812 235 B9% B43
5 511 551 1408 491 228 133 197
3 258 206 635 11z 131 89 a0
7 281 528 920 100 88 121 33
1+ 4157 6438 5186 3031 2675 4217 4832
19859 1950 1551 1592 1593 1584 1955
1 00 oo Go 6o 37 oo 264
2 1381 255 553 796 301 533 679
3 1222 2032 1270 756 1143 582 267
4 509 668 951 727 451 246 188
5 147 185 136 468 320 &7 76
5 107 46 38 92 163 57 1s
7 61 i7 60 61 47 51 20
1+ 3427 3241 3047 22802 2461 1536 1513
1596 1337
1 0o 00
2 737 480
.3 567 1115
4 240 530
5 157 132
g 104 35
7 83 34
1+ is88 2385

CAA Summary for ages 4 - 7

1lss2 1983 1984 1985 1986 1887 1988
T 2087 2138 a3ss 1514 682 1242 1223
1989 1890 1951 199z 1983 1984 1985
T s2¢ s1s 185 1300 ss0 a1 303
1586 1987
_________ ssa  9s0 T
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Weight at age (mid year) in kg - D:\What 1.8

1282 1983 1984 1885 1888 1587 1988
1 0,200 0.181 0.200 0.168 0.200 0.200 0.200
2 0.282 0.278 0.252 0.405 0.3%8 0.38¢6 C.350
3 0.446 0.451 0.467 0.520 0.610 0.550 0.510
4 0.780 £.668 0.588 0.781 0.778 0.868 0.761
5 1.041 £.8598% 0.745 1.049 1.028 1.108 1.150
& 1,228 ¢.9%0 0.892 1.366 1.120 1.219 1.323
7 1.616 1.333 1.287 1.721 1.579 1.72¢& 1.762
1989 1930 1951 1592 1993 1954 1585
1 0.200 0.200 0.200 0.200 G.250 0.200 0.283
2 C.361 0.456 0.41% 0.389 G.384 0.377 0.394
3 0.462 0.310 0.484 0.494 c.537 0.54¢6 0.587
4 c.828 0.765 0.706 D.744 G.759 0.886 0.660
5 1.077 0.952 0.985 0.507 G.943 1.118 0.9%9
& 1.332 1.340 1.438 1.188 1.234 1.338 1.287
7 1.741 2.021 1.751 1.468 1.900 1.638 1.654
1996 1887
1 0.200 0.200
2 0.413 0.363
3 0.614 0.534
4 5.503 0.702
5 1.096 1.011
) 1.442 1.429
7 1.738 1.872
January 1 Biomass Weights - D:\What 1.8
1882 1283 1284 1988 1286 1587 1988
1 ¢.1e9 D.143 0.141 0.2109 0.144 0.151 0.149
2 0.223 0.236 0.230 0.285 0.25¢% 0.278 0.265
3 0.364 0.357 0.381 0.390 0.497 0.468 0.444
4 0.727 0.546 0.514 0.604 0.€635 0.728 0.647
5 1.067 0.837 0.705 0.784 0.896 0.927 0.%99
) 1.131 1.015 0.885 1.00% 1.117 1.120 1.211
7 1.616 1.238 1.267 1.721 1.57% 1.728 1.762
1988 1990 1991 1892 158983 1954 1395
1 0.132 £.138 0.143 0.144 0.204 0.142 0.234
2 C.269 0.302 0.28% 0.27%8 0.277 0.207 0.281
3 0.402 C.429 0.470 0.455 0.457 0.458 - 0.474
4 0.850 c.5%91 0.600 0.600 0.612 0.620 0.600
5 0.905 ¢.906 0.863 0.800 0.838 0.221 0.%41
1 1.238 1.201 1.194 1.082 1.083 1.123 1.200
7 2.741 2.021 1.751 1.468 1.9¢0 1.628 1.652
1296 1987
1 0.148 0.148
2 0.342 0.269
3 0.452 ¢.470
4 0.734 0.657
5 0.851 0.854
6 1.200 1.248
7 1.735 1.867
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SSB Weights - D:\What 1.8

1882 1583 1984 1985 1986 1987 1988
1 G.168% 0.143 0.141 0.109 0.144 0.151 0.149
2 0,223 0.236 0.230 0.285 0.259 0.278 C.265
3 0.364 0.357 0.361 0.380 0.487 0.468 0.444
4 Q.727 0.546 0.514 0.604 0.635 0.728 0.547
1 1.067 0.837 0.705 0.784 0.8%6 0.927 0.999
[ 1.131 1.015 0.895 1.009 1.117 1.120 1.211
7 1.616 1.339 1.267 1.721 1.578 1.726 1.762
1988 1990 1881 1392 1593 1994 1995
by 0.132 0.138 0.143 0.144 0.204 0.142 0.234
2 0.269 0.302 C.285 0.27% 0,277 0.307 0.281
3 0.402 0.429 0.470 0.455 0.457 0.458 0.474
4 0.650 0.5581 0.600 0.600 0.812 0.6890 0.600
5 0.905 ¢.206 0.863 G.800 0.838 0.521 0.941
6 1.228 i1.201 1.154 1.082 1.083 1.123 1.200
7 1.741 2.021 1.751 1.468 1.300 1.638 1.6%4
1996 1987
1 0.l48 0.148
2 C.342 0.269
3 0.492 0.470
4 C.734 0.657
5 0.851 0.954
& 1.200 1.248
7 1.735 1.867
Computed (Rivard)from midyeay weights: Jan 1 Welghts - D:\What 1.8
1582 1983 1984 1985 19864 1987 1988
1 0.169 0.142 0.1431 0.108% 0.144 0.151 G.145
2 0.223 0.236 0.230 0.285 0.259 0.278 C.265
3 C.364 4.357 0.361 0.38%0 0.497 D.468 0.444
4 G.727 0.546 0.514 0.604 0.&835 0.728 0.647
B 1.067 0.837 0.705 0.784 0.B96 0.927 0.598%
[ 1.131 1.015 0.885 1.009 1.117 1.12¢ 1.211
7 1.81¢& 1.3238 1.267 1.721 1.573 1.726 1.762
1588 1950 1991 1992 1983 1954 15865
1 0.132 0.138 0.143 0.144 0.204 0.142 0.234
2 0.263 0.302 Q.28% 0.279 c.277 0.307 0.281
3 0.402 0.429 0.470 0.455 0.457 0.458 0.474
4 0.650 0.594 0.500 0.600 0.612 0.690 C.&500
5 0.805 0.906 0.BEB 0.800 0.838 0.921 0.941
[ 1.238 1.201 1.1%4 1.082 1.083 1.123 1.200
7 1.741 z.021 1.751 1.468 5..300 1.638 1.6594
1886 1957 1898
1 0.148 0.148 0.150
2 0.342 0.26%9 0.269
3 0.492 0.470 0.4835
4 0.734 0.657 0.607
5 0.851 0.855 0.751
8 1.200 1.251 1.070
7 1.735 1.872 1.872
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Percent Mature {(females)- D:\What 1.8

1582 1983 1984 1985 1986 1387 1988
1 00 0o 00 oo oo a0 00
2 62 62 62 &2 62 52 62
3 92 92 92 32 92 Sz 92
4 150 100 100 100 100 100 100
5 100 100 100 1o0 100 100 100
& 100 100 100 100 100 160 100
7 100 100 100 ico 100 100 100
1989 1350 1851 1992 1983 1594 1982
1 o0 00 oo o 00 00 00
2 62 62 62 62 62 62 62
3 82 a2 92 92 52 92 92
4 100 100 100 100 100 100 100
5 ico 100 100 i0o 100 100 100
=S 100 100 100 100 100 160 100
7 100 100 100 106G 100 100 100
1896 1997
1 00 00
2 52 &2
3 s2 82
4 1090 100
5 100 ico
1 100 100
7 100 160

pPF is 0.2
pPM iz 0.2
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Residual Sum of Squares from Marguardt aAlgorithm

Number
RSS
Lambda

Nunmber
R3S
Lambda

Number
RSS
Lambda

Number
R3S
Lambda

Number
RES
Lambda

Humber
R3S
Lambda

Number
REE
Lanmbda

Number
RES
Lambda

Numbexr
R5S5
Lambda

Numbexr
RSS
Lambda

Number
RSS
Lambda

Nurber
RES
Lambda,

Hurbey
R8s
Lambda

Nunber
RSS
Lambda

Number
rss
Lambda

1

10

11

1z

12

14

15

901.31571201316
1.00E-02

768.726781922027
1.00E-03

£59.875404455142
1.00E-01

576 .8750EB385801
1.00E-D2

536 .386262695469
1.00E+00

468.164292503494
1.G0E-C1

438.624465455625
1.00E+01

385.559887862789
1.00E+00

270.440208557222
1.00E+02

209.710853320405
1.00E+01%

145.538114640377
1.00E+00

136.454179367638
1.00E+02

135.48940240273
1.00E+01

135.473860063072
1.00E+00

135.473856845667
1.00E-01
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RESULTS

Approximate Statistics Assuming Linearity Near Solution

Sum of Bguares:

135.473856845567

Mean Sguare Residuals: 0.75263
PAR, EST. STD. ERR. T-STATISTIC

N 2 5.56E+02 2.B89E+02 1.92E+00
N 3 1.19E+03 G5.858E+02 2.11E+00D
R 4 2.04E+03 B5.41E+02 2.17E+00
N 5 1.01E403 3.9%E+02 2.52E+00
N 6 4. 00E+02 1.63E+02 2.45E+00
g US_Spl 1.90E-04 4.4CE-05 4.33E+00
g Us_Sp2 2.00E-04 4.33E-05 4.62E+00
g Us_Sp3 2.64E-04 ©5.69E-05 4.64E+00
q US_Sp4 5.22E-04 1.13E-04 4.64E+00
g Us_Sps 1.34E-03 2.99E-04 4.4BE+00
g US_spe 2.27E-03 5.19E-04 4.37E+00
g Us_sp7 1.46E~03 4.13E~04 3.53E+00
g Us_alz 1.0BE-04 2.33E-05 4.62E+00
¢ U8_AZ23 2.54E-04 ©5.65E-05 4.50E+00
g U8 _A3Z4 5.50E-04 1.,19E-04 4.64E+00
g US_A45 1.05E-03 2,34E-04 4 .47E+00
g Us_ase 3.35E-03 8.13E-04 4.12E+00
q US_Ae7 3.28E-03 8.75E-04 23,75E+00
Catchability Estimates in Originsl Units

Egtimate Std.Err
q Us_spl 2.08E-05 4. 82E-06
gq Us_&p2 1.39E-04 3.01E-05
g Us_sp3 2.31E-04 4.9BE-Q5
g US_Sp4 2.72E-04 5.86E-05
q Us_sps 2.67E-04 5.96ERE-05
g Us_sps 3.,24E-04 7.40E-05
g Us_sp7 1.86E~04 5.25E-05
q Us_alz 7.22E-0% 1.56E-05
q USMA23 1.85E-04 4.12E-05
q US_A34 2.21E-04 4.76E-05
g Us_n45 2.36E-04 5.27E-05
g US_As58 Z.36E-04 5.74E-05
g Us_AE7 1.%6Ek-04 5.21E-05

OO0 COoO0DOOO0AOOO0O0I()

COoOO0OOO0O0oDCcOoODLDDOoOC OO
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Surmary of Regiduals
Us_sp

Tuned to: l-Jan

For ages: 1

Year Obs . pred. Scd. Obs. Scd. Pred.wWt. Wt. Res. Std. Res. Pred. Stk. Sze.
1582 0.074 0.881 -0.398 -0.12¢ 1 -0.272 -0.313 4627
1383 0.026 0.518 ~1.427 -0.658 1 -0.772 ~-3.889 2725
1984 0.035 1.160 ~1.136 0.148 1 ~1.284 -1.480 6050
1385 0.000 g.000 Q o] 1 ¢.000 G.000 oQ
1886 (.252 1.528 0.831 0.425 1 0.407 0.469 8028
1987 0.1s1 1.012 0.385 0.012 1 0.373 0.430 5311
is8g- 0D.072 1.717 -0.412 0.540 1 ~0.%54 -1.085 5013
1983 0.048 1.004 -~0.820 0.004 1 -0.822 -0.945 5270
1590 0.127 0.6386 0.147 -0.452 1 0.600 0.651 3340
1291 0.270 0.878 0.502 -0.130 1 1.032 1.189 4612
1892 0.072 0.474 -0.418 ~0.746 1 0.328 0.378 2450
19583 0.170 0.588 0.441 ~0.529 1 0.870 1.118 31088
1994 0.126 1.005 0.138 0.005 1 0.132 0.153 5278
1955 0.149 1.304 0.305 0.26¢ 1 0.039 Q.045 6847
1896 0.037 0.461 -1.081 -0.773 i -0.307 -0.354 2423
1597 0.024 £.129 -1.515 -2.04¢ 1 0.531 0.612 679
1958 0.000 0.000 Q 0 1 0.000 0.000 [s]¢]

Partial Variance: 0.52

US_Sp
Tuned to: l1-Jan
For ages: 2

Year Obs. Pred. Scd. Obs. Scd. Pred.Wt. Wt. Rea. Std. Res. Pred. 8tk. Sze.
1882 ©.788 1.645% c.126 0.500 1 -0.374 -0.431 ‘8236
1883 1.028 0.758 0.391 ~-0.276 1 0.667 0.76% 3788
1984 0.142 0.445 -1.589 -0.810 1 -0.77¢% ~0.897 2222
1%85 1.851 0.958 0.980 -0.002 1 0.582 1.132 4986
1286 0.662 0.8%74 -0.048 ~-0.026 1 -0.022 -0.025 4865
1987 1.6485 1.316 0.8E5 0.275 1 0.55%0 0.680 6573
1888 0.535 0.871 -0.260 ~0.138 hs ~0.121 ~0.140 4345
1289 0.531 1.477 -0.268 0.3%90 1 -0.658 -0.759 7378
18%0 0.611 0.BE4 -0.128 -0.,4¢ 1 0.018 0.021 4315
1851 0.345 0.547 -0.701 -0.602 1 -0.098 ~0.113 2734
1882 0.600 0.758 -0.14¢6 -0,280 1 0.134 0.154 3776
1983 0.273 0.408 -0.935 -0.886 1 ~0.038% ~0.044 2038
1994 0.575 Q0.501 ~0.188 ~-0.652 1 0.504 0.581 2500
1995 (.782 0.865 0.119 -.145 1 0,263 0.303 4322
1%%6 1.21% 1.075 0.563 ¢.072 1 0.421 0.566 5368
1957 0.182 0.397 ~-1.284 -0.923 1 -0.360 -0.418 1984
1888 0.023 0.111 -3.394 -2.1%96 1 ~1.198 -1.382 55¢

Partial Variance: 0.327

Us_s&p
Tuned to: 1-Jan
For ages: 3

Year Obs . pred. Scd. Obs. Scd. Pred.wWt. Wt. Res. Std. Res. Pred. Stk. Sze.
1982 0.384 1.725 -0.824 0.545 1 -1.36% -1.578 6532
1483 23.134 1.6%96 1.275 0.528 1 0,746 0.860 6424
1284 31.912 0.631 0.781 -0.48] 1 1.241 1.431 2388
1485 0§.621 0.413 -0.3432 ~-0.884 1 0.541 0.8623 1564
1986 0.739 0.886 -0.170 -0.122 1 ~-0.048 -0.058 3354
1987 0.585 0.883 -0.404 -0.113 1 -0.290 -0.335 3381
1288 1.435 1.112 0.494 0.106 i 0.388 0.447 4211
1988 0.287 0.741 ~1.187 -0.300 1 ~0.886 -1.022 2805
1950 1.582 1.265 0.579 0.235 1 0.343 0.395 4782
18391 0.824 0.8E2 -0.061 -0.148 1 c.087 ¢.101 3266
1582 0.25% 0.450 ~-1.078 -0.800 1 ~-0.276 ~-0.318 1702
1983 0.332 0.626 ~-0.370 -0.468 1 ~-0.502 ~-0.578 2373
1954 0.408 9.369 -0.763 -0.997 1 0.234 0.270 1397
1955 1.258 0.413 0.362 -0.884 1 1.248 1.436 1565
1596 0.431 0.772 ~-0.709 -0.259 1 ~0.450 ~0.519 2924
1997 0.535% 0.984 -0.492 -0.016 1 -0.476 -0.549 3728
15898 0.162 0.314 ~1.687 ~1.158 1 ~0.529 -0.610 1150

Partial Variance: 0.516
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Us_sp
Tuned to: l1-Jan
For ages: 4

Year Obs. rred. Scd. Obs. Scd. Pred.wWt. Wt. Res. 8Std. Res. Pred. Stk. Sze.
1582 0Q.5%4¢ 1.765 Q.135 0.5&3 1 ~0.433 —0.4%? 3382 i
1483 1.582 1.585 1.112 0.686 1 0.426 0.4892 3803
1884 1.537 1.37% 1.083 0.318 1 0.765 0.882 2634
1985 0.4628 0.752 0.189 -0.285 1 0.474 0.547 1441
1886 0.11le 0.341 -1.502 -1.075 1 -0.426 ~-0.497 €54 _

1987 0.2%4 D.B06 -0,871 -0.215 1 -0.358 -0.410 1545
1988 0.8680 0.651 0.268 -0.429 1 0.697 0.804 1247
1388 0.226 0.488 -0.835 -0.714 1 -0.120 -0,138 938
1885 0.332 0.6821 ~0.4458 -0.478 1 0.027 0.031 1180
1951 C.580 1.088 0.1038 0.085 1 0.024 Q.028 2085
1582 0.135 0.796 -1.318 -0.228 1 -1.091 -1.257 1525
1893 0.154 0.370 -1.217 -0.%583 1 -0.224 -0.258 710
1%%4 0.102 0.4732 ~1.628 -0.,748 1 ~{0.88B0 -1.015 507
1595 0.2853 0.322 -0 .572 -1.133 1 0.560 Q.646 617
19%6 0.48% 0.543 -0.062 -0.611 1 ¢.549 C¢.632 1040
13837 0.6&6% 0.9B81 Q.25 -0.¢19 1 ¢.270 0.311 1880
1898 (0.426 1.067 -0.189 0.085 1 -0.263 -0.303 2044

Partial Variance: 0.305

Us_Sp .
Tuned to: 1-Jan
For ages: 5

Year Obsg. Pred. Scd. Obs. Scd. Pred.wWt. WE, Res. 58td. Res. Pred. Stk. Sze.

- 1882 0.175 1.6282 -D.130 0.526 1 -0.656 -0.757 1263
1383 G.870 2.440 1.214 0.822 1 0.2322 0.371 1821
1584 0.458§ 2.410 0.834 0.880 1 -0.046 ~0.053 175¢
18485 (©.3587 1.227 C.6580 0.205 1 0.485 0.558 218
1886 0.180 0.596" -0.219 -0.517 1 0.297 Q.342 445
19887 0Q.0%0 0.432 -0.791 -0¢.839 1 0.048 Q.05%6 322
15882 0.116 0.805 -0.839 -0.503 1 -0.037 -0.042 451
1882 0©.1546 0,346 -0.245 -1.060 1 0.815 0.939 258 .
1930 0.058 0.411 ~0.713 -0.588 1 0.175 0.202 307
1481 0.275 0.496 0.324 -0.701 1 1.025 1.181 370
1592 0.1486 1.135 -0.310 ¢.127 1 -0.437 -0.504 847
1833 0.000 0.000 [+ ¢ 1 0.000 0.000 Q0
1354 0,034 0.232 -1.713 ~1.461 1 -0.252 -0.291 173
1925 0.102 0.857 -0.674 -0.361 1 -0.312 -0.360 520
1986 0.069 0.449 -1.061 ~-0.801 1 -0.260 ~0.300 335
18%7 0.114 0.880 -0.558 -0.163 1 ~0.356 -0.45¢ 634
1228 0.124 1.348 -0.474 0.299 1

-0.772 -0.8990 1006
Partial Variance: 0.259

US_Sp
Tuned to: 1-Jan
For ages: 6

Year Chs. Pred. 5cd. Obs. Scd. Pred.Wt. Wt. Reg. Std. Res. Pred. Stk. Sze.
1982 (0.150 1.731 0.050 0.549 1 -0.4589 ~0.575 762
1883 0.&27 1.300 1.588 0.262 1 1.326 1.528 572
1984 0.546 2.254 1.343 - 0,813 b3 0.531 0.612 252
1285 0©.221 0.451 0.438 -0.737 L 1.235 1.423 158
1986 0.075 0.8685 -0.644 -0.364 1 -0.280 -0.323 306
1287 (.000 0.000 s} G 1 0.000 0.000 [o]8]
1988 0.042 0,326 ~1.240 -1.121 1 -0.119 -0.137 143
1985 @¢.018 0.434 -2.068 -0.834 1 -1.234 ~1.423 151
1259 0.073 0.178 -0.664 -1.724 1 1.060 1.222 78
19291 ¢.036 0.152 -1.372 -1.652 1 0.280 0.323 g4
15892 0.10% 0.408 ~-0.26864 -0.883 1 0.630 0.726 180
1983 0.046& 0.613 -1.123 -0.489 1 -0.635 -0.732 270
1954 0.044 0.441 -1.168 -0.820 1 -0.348 -0.401 154
1995 0.029 0.184 -1.584 -1.694 1 0.11¢ 0.127 81
1586 ©€.028 0.812 ~1.683 -0.205%5 1 ~1.480 -1.706 357
19387 0,024 0.301 ~-1.776 -1.201 1 -0.575 -0.5683 132
1898 (0.000 0.000 4] ¢ 1 g.000 0.000 [e]]

Partial Variance: 0.741
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Us_Sp
Tuned to: 1-Jan
For ages: 7

Year Obs. Pred. Scd. Obs. Scd. Pred.Wt. Wt. Res. Std. Res. Pred. Stk. Sze.
1582 0.041 1.18% -1.132 0.181 1 -1.3142 -1.514 B22
1983 0.560 2.118 1.482 0.751 1 0.731 D.843 1453
1984 0.470 2.051 1.306 0.718 i 0.588 0.677 1406
1585 0.046 0.25% ~1.007 -1.365 1 0.358 0.413 175
1986  0.000 0.000 o] o] 1 0.000 0. 000 00
1987 0.000  0.000 S0 0 1 0.000 0.000" co
1888 0.018 0.213 -1.945 -1.544 1 -0.400 ~0.461 - 146
1589 0.000 ¢.000 o] o] 1 . 0.000 c.000 co
1850 0.000 0.000 o] ¢ 1 0.000 0.000 Q0
1981 0.024 0.194 -1.664 -1.640 1 -0.024 -0.028 133
1892 0.000 0.000 0 ] 1 0.000 c.000 00
18%3 0.018 0.111 -1.956 ~-2.198 1 0.242 0.27% 76
1594 0.000 0.000 0 1] 1 0.000 0.000 00
1595  0.000 0.000 8] o] 1 0.000 0.000 00
1986 0.042 0.414 -1.108 -0.B82 1 -0.227 ~0.261 284
1887 C.026 0.186 -1.576 -1.684 1 €.108 0.124 127
1598 0.026 0.220 -1.576 -1.3514 1 -0.062 -0.072 151

Partial Variance: §,351

Us Al

Tuned to: 1-Jan

For ages: 2

Year Obs .- Pred. Scd. Obs. Scd. Pred.Wt. Wt. Res. Std. Res. Pred. Stk. Sze.
1982 2.132 0.887 1.157 -0.12¢ 1 1.277 1.472 8236
1883 1.564 0.408 1.075 -Q0.887 1 1.872 2.273 3788
1584 0.069 0.239 ~2.275 ~-1.430 1 -0.845 -0.974 2222
1585 0.660 0.537 -0.015 -0.622 1 C.607 0.700 4986
1386 0.3224 0.524 -0.728 -0.647 1 -0.082 -0.094 4865
1%87 1,085 0.708 0.490 -0.346 1 0.836 C.964 6873
1588 0.053 0.468 -2.545 -{.759 1 -1.78¢6 ~2.05%9 4349
1988 2.925 0.795 1-.474 -0.230 1 1.704 1.964 7378
1980 0.088 0.4565 -1.840C -0.767 i -1.174 -1.3583 4315
1981 0.084 0.294 -2.077 -1.223 1 -0.85%4 -0.984 2734
1992 40.04s8 0.407 ~2.688 -0.900 1 -1.788 ~2.06% 3776
18983 0.023 0.220 ~3.35% ~1.516 1 -1,843 -2.124 2039
1854 Q0.580 0.269 -0.127 ~1.312 1 1.185 1.36¢€ 2500
1395 0.1¢5 0.485 ~-1.403 -0.765 i -0.638 -0.725 4322
1496 0.968 0.578 0.367 -0.548 1 0.815 1.0585 5368
1597 0.123 ¢.214 ~-1.699 ~-1.544 1 -0.155 -0.17% 1984
1298 0.078 C.060 ~2.148 -2.81¢ 1 0.568 g.770 556

Partial Variance: 1.615

US_AZ

Tuned to: 1-Jan

For ages: 3

Year Obs. Pred. Scd. Obs. Scd. Pred.wWt. Wt. Res. Std. Res. Pred. Stk. Sze.
1882 0.504 1.658 -0.371 0.506 1 -0.877 -1.010 6532
1583 2.14¢ 1.631 1.077 0.489 1 C.588 0.678 6424
1384 0.583 0.807 -0.22¢ -0.500 3 ¢.274 0.31a 2389
1585 0.8291 g.3897 0.305 -0.923 1 1.228B 1.41¢€ 1564
1986 0.997 $.852 0.311 -0.161 1 C.471 0.543 3354
1887 1.567 0.858 0.763 ~-0.18632 1 0.9216 1.056 3381
1888 0.203 1.069 -1.278 0.067 1 -1.345 -1.550 4211
1989 0.635 0.712 -0.,140 -0.340 1 0.200 0.230 2805
1950 1.0€60 1.217 0.372 0.196 1 0.17¢ 0.203 A2
14%1 0.060 0.829 ~2.499 ~-0,187 1 -2.312 ~2.665 3266
1882 0.000 0.000 Q 0 1 0.000 0.000 00
1983 0.461 0.602 T -0.480 -0.507 1 C.047 0.054 2371
18%4 (¢.132 0.355 -1.714 -1.0386 1 -C.E678B -0.781 1387
1985 0.4295 0.397 -0.533 -0.823 1 0.350 0.450 1565
19%6 0,858 0.742 0.206 -0.258 1 C.504 0.581 25824
1997 0,338 0.547 -0.771 -0.055 1 ~0.716 -0.825 3728
1998 0.685 0.302 -0.064 -L.1l87 1 1.133 1.308 1180

Partial Variance: 0.934
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US_A3
Tuned to: 1-Jan
For ages: 4

Year Cbs. Pred. Scd. Ohs. Scd. Pred.Wt. Wt. Res. Std. Res. Pred. Stk. Sze.
1882 0.382 1.6861 ~-0.023 0.621 1 -0.644 ~0.742 2382
1983 0.438 2.083 n.088° 0.738 1 -0.650 -0.750 - 3803
i9B4 1.132 1.4489 1.038 0.371 1 0.667 0.769 2634
1885 ©.8%1s6 0.793 0.825 ~-0.232 1 1.057 1.218 144%
1386 0.417 0.360 0.03% -1.022 1 1.061 1.223 654
1887 0.366 G.850 -0.082 -0.163 1 0.071 - 0.081 1545
1588 0.218B C.686 -0.610 -0.377 1 -0.233 ~0.269 1247
1988 0.386 ¢.51¢ -0.038 -0.662 1 0.623 0.718 938
1538C - 0.072 0.6585 -1.718 ~0.423 1 -1.282 -1.488 1190
1581 0,303 1.147 ~0.282 0.137 1 ~0.420 -0.484 2088
1882 0,062 c.B3% -1.8588 -0.176 1 -1.68%2 -1.85¢ 1525
1583 0.157 0.38%0 -0.54¢0 -0.840 1 0.000 0.000 710
1994 0.246 C.4%99 -0.48% -0.695 1 0.206 0.238 907
1985  0.158 0.340 ~0.%31 -1.080 1 0.149% 0.172 &§17
19%6 0.369 0.372 -0.11¢ -0.5E8 1 0.449 0.517 1040
1587 0.624 1.035 0.442 0.034 1 0.408 0.470 1880
19858 (0.574 1.124 0.358 G.117 1 0.241 D.278 2044

Partial vVariance: 0.587

US_Ad

Tuned to: 1-Jan

For ages: 5

Year Obs . Pred. Scd. Obs. Scd. Pred.Wt. Wt. Res. 5td. Res. Pred. Stk. Sze.
1982 0.472 1.324 0.741 0.280C 1 0.4€61 C.533 1263
1983 0,337 1.508 0.403 0.646 1 -0.243 ~0.280 1821
1584 0.4890 1.885 0.778 0.634 1 0.144 0.166 1729
1985 0.811 0.260 1.282 ~0.041 1 1.323 1.525 916
1586 0.079 C.466 ~1.048 -0.763 1 ~0.286 -0.328 445
1587 0,203 0.338 -0.%05 -1.085 1 0.3%80 1.130 322
1s88 0.121 0.473 -0.620 -.74%9 1 0.12% 0.1453 451
1989 0.040 0.271 -1.74¢0C -1.306 1 -0.434 -0.501 259
1890 0.142 0.322 -0.463 -1.134 1 0.672 0.774 307
1881 0.000 c.000 Q 0 1 0.00C 0.000 Qo
1292 0.083 G.8&88 -1.454 -0.119 1 ~-1.335 -1.538 847
1992 0.009 g.s18 -3.17¢6 -0.481 1 -2.6895 -3.106 580
1%94 0.172 0.181 -0.267 -1.7C7 L 1.440 1l.659 173
1995  0.08S5 0.545 -0.8974 -0.607 1 -0.366 ~-0.422 520
1896 0.048B 0.351 ~1.5458 -3.047 1 -0.48%8 -0.574 335
1897 (.244 0.664 a.078 -0.408 1 0.488 0,563 634
1998 0.29%6 1.054 0.273 0.053 1 0.220 0.254 10086

Partial Variance: 1,062 :

Us_As

Tuned to: 1-Jan

For ages: 6

Year Obs. Pred. Scd. Chs. Sed. Pred.Wt. Wet. Res. 8td. Res. Pred. Stk. Sze.
is8z2 0.131 2.54% 0.620 0.936 1 -0.31¢ -0.364 762
19823 (0.122 1.915 0.543 0.645% 1 ~0.3106 -0.122 572
1984 0.0Q57 3.318 ~0.211 1.200 1 -1.411 -1.626 982
1885 0.230 0.6684 1.182 -0.410 1 1.582 1.835 158
1%8¢  0.027 1.024 -0.962 0.024 1 -0.985 -1.136 306
13887 (.048 0.5827 ~-0.38B8 -0.540 1 0.252 0.280 158
1588 €.000 0.000 o] 0 i 0.000 C.000 Qa0
1989 0.00C 0.0060 ¢] 0 1 G.000 6.000 [s]4]
1880 0.072 0.283 0.026 -1.337 1 1.363 1.571 78
1881 0.051 0.282 -0.326 -1.265 1 0.5838 1.083 84
1892 0.000 0.000 G Q i 0.000 0.000 Qo
1993 0.02¢ 0.9032 -0.988 -0.101 1 -0.886 -1.022 270
1954 0.02¢ 0.645 -0.988 -0.433 . 1 -0.555 -0.640 194
1895 0.033 6.271 -¢.758 -1.307 1 0.548 0.633 81
1956 0,048 1.186 ~-0.39% 0.179 1 ~0.568 -0.656 357
1537 0,055 C.443 ~-0.250 ~-0.814 1l 0.564 C.650 132
1888 0.061 1.338 -0.138 0.251 1 -0.430 -0.495 400

partial Variance: 0.843
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Us_Re
Tuned to: 1-Jan
7

For agss: '

Year Obs. Pred. Scd. Obs. 8c¢d. Pred.wt. Wt. Res. 8td. Res. Pred. 5tk. Sze.
1982 0.058 2.700 -0.022 0.983 1 -1.015 -1.170 822
1983 0.014 4.773 -1.470 1.563 1 ~3.033 -3.4586 1453
1284 0.191 4.620 1.162 1.530 1 -0.3€8 ~0.424 1406
1385 0.055 0.575 -0.013 ~0.553 1 £.540 0.622 175
1588 0.027 0.870 -0.791 -0.400 1 -0.391 -0.451 204
1887 0.024 0.695 -0.905 -0.364 1 -0.541 -0.623 211
1888 0.07% 0.481 0.281 -0.732 1 1.013 1.148 144
1982 0.025 0.350 -0.876 -1.050 1 0.174 c.200 107
1930 0.058 0.093 -0.035 -2.376 1 2.341 2.638 28
1991 0.000 0.o00 o] 0 1 0.00C0 0.000 oo
1882 ©0.00GO g.000 0 o 1 0.000 0.000 00
1883 0.000 0.000 o] Q 1 0.C00 0.000 00
1894 0.090 0.000 ¢} 0 1 D.000 0.000 oo
1895 0.400 0.000 0 o] 1 0.000 0.000 o0
1996 ©.000 0.000 4] 0 1 ¢.000 0.000 00
1957 0.093 0.418 0.450 -0.872 1 1.322 1.524 127
1898 0.028 0.485 -0.744 ~0.702 i -0.042 ~-0.048 151

Partial vVariance: 2.016

Partial variance (and propertion of total} by index

c.52 0.327 0.516 0.305 0.25% 0.741 0.351 1.615 0.934 0.587 1.0e2
0.843 =~ 2.01¢

0.052 0.032 0.051 .03 0.026 0.07¢ 0.035 0.16 0.093 0.058 G.105
0.084 0.2
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Standardized residuals by index and year; with row/column/grand means

1982 1883 1984 1985 1986 1987 1988
Us_Spl  -0.313 -0.889 -1.480 0.000 0.469 0.430 -1.029
us_spz  -0.431 0.769 -0.887 1.132 -0.025 0.680 -0.140
Us_Sp3  -1.578 0.860 1.431 0.623 -0.056 -0.335 0.447
Us_Sp4  -0.499 0.492 0.882 0.547 -0.451 -0.410 0.804
US_Sps . -0.757 0.371 -0.053 0.559 0.343 0.G56 -0.042
Us_spé  -0.57% 1.528 0.612 1.423 -0.323 0.000 -0.137
US_Sp7  -1.514 0.843 0.677 0.413 0.000 0.0o0 -0.461
Us_alz 1.472 2.273 -0.974 0.700 -0.094 0.954 -2.059
Us_Az3  -1.010 0.678 0.316 1.416 0.543 1.056 -1.550
US_A34  -0.742 -0.750 0.76¢2 1.21% 1.223 0.0B1 ~0.269
US_A45 0.531 -0.2890 0.166 1.52% -0.3229 1.130 ¢.149
US_AS6  -0.364 -0.122 -1.626 1.835 -1.136 0.290 0.000
Us_ag7  -1.170 -3.498 ~0.424 0.622 -0.451 -0.623 1.158
Col Avg -0.535 0.175 -0.0458 1.001 -0.027 0.302 -0.266
1385 1950 1391 1992 1933 1954 1985
US Spi  -0.948 0.651 1.188 0.379 1.118 0.152 0.045
Us_sp2  -0.759 0.021 -0.213 D.154 -0.044 0.581 0.303
U3_8sp3  -1.022 0.336 0.101 -0.318 ~-0.578 0.270 1.436
US_Sp4  -0.138 0.031 0.028 -1.257 -0.258 -1.015 0.646
US_Sp5 0.939 0.202 1.181 ~0.504 0.000 -0.281 -0.360
us_sps  -1.423 1.222 0.323 0.726 -0.732 -0.401 0.127
Us_Sp7 0.000 0.000 -0.028 0.000 0.279 0.000 0.000
Us_alz 1.984 ~1.353 -0.984 -2.061 -2.124 1.366 -0.735
US_A23 0.230 0.203 -2.665 0.060 0.054 -0.781 0.450
US_A34 0.718 ~1.48% -0.484 -1.850 0.000 0.238 0.172
US_A45  -0.501 0.774 0.000 -1.338 -3.1086 1.65% -0.422
US_ASE 0.000 1.57L 1.083 ¢.000 -1.022 -0.640 0.633
US_A87 0.200 2.698 0.000 0.000 0.000 0.000 0.000
Ccol Avg -0.067 0.414 -0.034 -0.708 -0.583 0.104 0.208%
1896 1937 1998
Us_Spl  -0.354 0.612 0.000
Us_Sp2 0.566 -0.415 ~1.282
UsS_Sp3  -0.519 -0.548% -0.610
Us_sp4 0.632 0.311 -0.303
US_Sp5  -0.300 -0.458 -0.8%90
US_5p6  -1.706 -0.663 0.000
Us_Sp7  -0.261 0.124 -0.072
US_Al2 1.055 -0.179 0.770
Us_az3 0.581 -0.825 1.306
US_R34 6.517 0.470 0.278
US_R45  -0.574 0.563 0.-254
US_R56  -0.858 0.650 -0.498
US_267 0.000 1.524 -0.048
Col Avg -0.085 0.050 -0.108
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Percent of total sum of squares by index and year; with row/column sums

1982 1983 1384 1985 =71 1587 1588
Us_Spl 0.055 0.440 1.217 0.000 0.122 0.103 0.671
Uvs sp2 0.103 0.325 0.447 - 0.712 0.000 0.257 0.011
US_SPB 1.383 0.411 1.137 0.216 0.002 0.0862 0.111
US:Sp4 0.138 0.134 0.432 0.166 0.134 0.083 0.355
Us_gSph 0D.318 0.077 0.002 0.174 0.065 0.002 0.001
Us _Spé 0.184 1.257 0.208 1.3125 0.058 0.000 0.010
Us_sp7 1.274 0.3%5 C.255 0.095 0.000 0.000 0.118
UsS_Al2 1.205 2.86%9 0.527 0.272 0.005 0.316 2.355
US:A23 0.567 0.255 0.055 1.113 0.:164 0.619 1.335
US_A34 0.308 0.312 0.328 0.825 0.831 0.004 0.040
US_A45 0.157 0.044 0,015 1.2582 0.060 0.709 0.012
Us_AS5s 0.074 0.008 1.469 1.871 ¢.717 0.047 0.000
us_ae7 0.760 &.78% 0.100 G.215 0.113 0.216 G0.758
++ 6.523 13.360 6.182 B.077 2.271 2.628 5.782
1988 1950 1951 1592 15953 1994 1355
US_8pl 0.500 0.265 0.786 c.o080 0.694 0.013 0.001
Us_spz 0.320 0.000 0.007 0.013 G.001 0.187 C.051
Us_sp3 0.580 0.087 0.006 0.056 0.185 0.040 1.1l48
Uz Sp4 0.011 0.001 ¢.000 0.878 0.037 0.572 0.232
Us_8ps G.49¢ 0.023 ©.775 0.141 0.000 0.047 0.072
US_Spe 1.125 0.829 C.058 0.293 0.297 0.08% 0.009
us_8p7 D.000 0.000 G.000 0.000 0.043 0.000 0.000
us_Alz2 2.142 1.017 0.538 2.359 2.507 1.036 0.300
US_A23 0.025 0.023 3.945 0.000 0.002 0.339 0.112
US_A34 0,286 1.233 0,130 2,113 0.000 0.03% 0.016
US A4S 0.139 0.333 9.000 1.218 3.361 1.530 0.05s
US_ASBs J.000 1.371 0.651 0.000 0.580 0.228 0.222
US_Ae7 0.022 4.044 a.000 0.000 0.Cc00 0.000 0.000
++ 5.644 5.225 6.898 7.247 2.708B 4.113 2.261
1588 1987 1928 +
uUs_spl 0.070 0.208 0.000 5.225
Us_Sp2 0.178 0.098 1.061 3.774
US_8p3 0.149 0.168 0.207 5.946
US_Sp4 0.222 0.054 0.051 3.515
U5_8ps 0.050 0.116 0.440 2.782
uUs_spé 1.638 0.244 0.000 7.445
US_Sp7 0.038 0.00% 0.003 2.230
us Alz2 0.618 0.018 0.329 0.000
Us_AzZ3 0.188 0.378 0.9547 13.614
US_A34 0.148 0.123 0.043 10.074
US RA45 0.183 0.176 0.036 6.771
US_Abs 0.235 0.235 0.138 11.460
Us_Re7 0,000 1.290 0.001 7.848
++ 3,702 3,113 3.254 1060.000
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STOCK NWUMBERS (Jan 1) in thousands - D:\What 1.8

1582 1383 1984 1885 1986 1987 1588
1 4627 2725 6050 5563 8028 5311 8013
2 8236 3788 2222 49386 4865 €573 4333
3 6532 6424 2388 1564 3352 3381 4211
4 3382 3803 2634 1443 654 1545 1247
5 1263 1821 1788 916 445 322 451
[ 762 57z 992 198 306 158 143
7 822 1483 1406 175 204 211 146
1+ 25624 20586 17532 15244 17855 17502 13560
1989 3950 1991 1992 1993 1994 1585
i 5270 3340 4612 2490 3085 5278 cB47
2 7373 4315 2734 3776 203% 2500 4322
3 2805 4752 3266 1702 2371 1397 1565
4 538 1130 2085 1528 710 807 617
5 258 307 370 847 590 173 52¢
6 191 78 84 180 270 154 a1
7 107 28 133 118 786 173 86
1+ 16948 14051 13285 10639 5151 10623 14038
1996 1587 1288
1 2423 678 00
2 5368 1584 556
3 2824 3728 1130
4 1040 1880 2044
g 335 634 1006
6 357 132 400
7 2484 127 is1
1+ 12730 9165 5346
FISHING MORTALITY - D:\What 1.8
1982 1983 1984 1285 1986 1287 1588
1 ¢.00 0.00 0.00 0.00 .40 0.00 c.00
2 ¢.05 0.26 0.15 0.20 0.1¢ 0.25 0.24
3 0.34 0.69 0.31 0.7 .58 0.80 1.30
4 0.42 0.55 0.88& 0.97 0.51 1.03 1.37
5 0.52 0.41 2.00 0.90 0.84 0.81 0.66
& C.47 0.51 1.23 0.97 0.64 0.27 1.17
7 0.47 0.51 1.23 Q.97 0.64 0.97 1.17
19g9 1990 1991 1982 1993 1554 1985
1 0.00 0.00 0.00 0.00 0.01 0.00 0.04
2 0.22 0.08 0.27 0.27 0.18 0.27 0.1%
3 C.86 0.63 0.56 G.67 9.76 0.62 0.21
4 0.82 0.97 0.70 0.75 i.21 0.386 0.41
E 0.53 1.09 0.52 0.594 0.91 0.56 0.18
3 0.96 1.02 0.68 0.83 1.1¢ 0.3%9 0.30
7 0.%56 1.02 0.68 0.83 1.1¢ 0.39 0.30
1956 1597
1 0.00 0.00
2 0.15 0.31
3 0.24 0.40
4 0.28 0.43
5 0.73 0.26
6 0.39 0.34
7 0.39 0.34
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Average F for 4,6

1882 1983 1984 1385 1488 1987 1988
T T R TTTIN T e e T T Ie
1989 1950 1891 15592 1333 1854 1885
T T ey e e T TR
1596 1987
TS T T T

1582 1983 1584 1585 1986 1587 1988
16 047 o.s0 I o.s5 c.sa o.96 118
1989 1980 1991 1592 19332 1954 1995
ss 096 0.9 oer 0.8z 108 0.9 030
1956 1887
e c.a0 0.3 T

Average F for weighted by Catch for 4.6

1982 1283 1984 13885 1986 1s87 1988

s .47 051 P o.05 o.66 0.8 123
1585 1920 1851 1392 1953 1954 1995

se 0.9 Loe o.68 o83 1os o.a0 026
1996 1997

s o.as o038 T

1982 1583 1384 1985 1286 1587 1988
"""""""" T TR T ST T e T
1588 1990 1551 19892 1593 1954 1885
"""""""
1996 1987
T T e
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1982 1583 1984 1585 1988 1887 i5g8
1 0.00 0.01 0.00 G.00 0.00 .00 0.00
2 0.08 0.38 0.08 0.20 0.20 0.24 0.17
3 0.58 1.60 0.15 0.68 0.69 c.77 0.95
4 0.71 0.79 0.43 1.00 G0.60 1.00 1.00
5 1.00 0.59 1.00 0.92 1.00 0.58 0.48
& 0.73 0.73 0.61 1.00 c.76 0.94 0.85
7 0.73 0.73 0.561 1.00 0.76 0.94 0.85
1989 1930 1991 15592 1993 1954 1995
1 Q.00 0.00 0.00 0.00 c.01 0.00 .11
2 0.23 0.o07 0.39 0.28 0.15 0.44 0.46
3 0.66 .58 0.80 6.72 c.63 1.00 0.51
4 0.9z c.89 1.00 0.79 1.00 0.58 1.00
5 1.00 1.00 0.74 1.00 c.75 0.91 0.43
& G.37 C.54 0.58 0.88 c.91 0.63 0.73
7 0.57 .94 0.58 0.88 6.591 0.683 0.73
1996 1397
1 0.00 ¢.D0
2 0.23 G.73
3 0.33 C.54
4 0.40 1.00
5 1.00 c.61
& 0.53 G.81
7 D.53 e.81

1982 1983 1384 1985 1386 12987 i9g8
1 838 446 1104 206 1455 963 1634
2 2088 847 547 1667 1623 2048 1232
3 2250 1517 876 543 1424 1177 1111
4 1267 1788 953 662 364 771 478
5 308 1zz7 541 584 285 245 348
& 582 1086 471 16C 2486 113 193
7 969 1355 948 178 2is 215 140
1+ 9671 BO26 5438 4699 5615 5531 5047
1989 1990 1991 isg2 1593 1984 1885
1 255 605 836 451 697 557 1720
2 2163 1717 913 1175 652 752 1409
3 870 1659 1106 561 818 521 767
% 468 537 970 732 289 6lg 305
5 163 171 260 458 338 136 433
3 151 [ B1 123 195 196 82
7 110 33 155 108 81 214 115
1+ 48840 4784 4320 3618 3068 3393 4831
1956 1997
1 433 123
2 1858 564
3 1451 1496
4 741 581
5 239 514
& 330 146
7 372 184
1+ 5450 4008 00
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Summaries for ages 4.6

1582 1983 1584 1585 1285 1987 1588
as 3557 221 1965 1405 g5 128 930
1s8% 1950 1551 1592 1953 1594 1985
a6 a1 63 111 1324 g0 sas 520
1958 19587
s 1369 we T

1582 1983 1984 1985 1986 1987 1388
1 oo 02 [1e] 03 a0 ao o0
2 100 221 83 328 268 502 254
3 767 1326 268 365 a1 939 1447
4 524 582 Bl6 645 184 785 657
5 538 500 1084 523 233 149 230
3 320 206 579 155 is7 116 121
7 454 708 1165 172 izs 205 le4
i+ 30032 3943 39858 2192 1805 2704 2912
1589 1950 19591 1992 1923 1994 1355
1 00 od¢] 00 00 05 oC 75
2 501 135 250 i1z 11g 202 269
3 572 1049 621 378 623 322 160
4 425 520 680 549 IB0 220 125
5 161 187 135 432 306 76 78
6 145 62 55 111 215 77 25
7 105 34 106 20 B9 84 34
1+ 1813 1586 1847 1872 17¢8 380 764
1958 1997
1 oo co
2 306 175
3 350 600
4 218 418
5 174 134
& is1 50
7 145 63
1+ 1344 1442

1582 1983 1584 1385 1586 1987 1588
s 602 1587 2078 1323 sa 1050 1007
1989 1990 1591 1992 1253 19%4 1995
ae 735 69 70 1002 71 sz 226
1956 1987
we sas so2 e

Appendix I. Page 75




Jan 1 BIOMASS (using Jan 1 mean weights)

1g82 1%E3 1984 1985 1986 1587 1988
1 782 350 B5S 650 1156 802 1343
2 1837 854 51l 1la21 1280 1827 1152
3 2378 2253 B&3 610 1567 1582 1870
4 2459 2077 1354 B70 415 1125 807
5 1348 1524 1268 718 3989 299 451
& 862 581 gge © 200 342 177 174
7 1328 1545 1782 301 322 365 258
1+ 10983 9704 7524 4771 5561 8177 6054
1285 1590 1951 1392 1983 1594 1985
1 £96 461 6690 359 631 750 1602
2 1585 13032 790 1054 565 768 1214
3 1127 2056 1535 T35 1084 640 742
4 610 704 1251 315 434 626 370
5 234 278 319 678 495 160 489
6 237 54 101 193 282 218 a7
7 186 57 233 173 145 T283 1486
1+ 5074 4953 4889 4147 3646 3444 4661
1888 1887
1 3589 101
2 1836 534
3 14329 1752
L3 763 1236
5 285 605
& 429 165
7 493 238
1+ 5602 4628

1382 1983 1984 1885 13586 1987 1988
a6 sees s181 3510 1788 ss 1600 1431
1289 1950 1981 1592 1993 1894 1885
A 1we0 1076 1671 81 w221 03 557
1856 1857
ss 1477 2006 T
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S8B AT .THE START OF THE SPAWNING SEASON -MALES AND FEMALES (MT) {using SSB mean weights)

12382 1983 1984 1985 18586 1987 1988
i 00 00 00 GO 00 00 o3}
2 979 457 267 735 658 936 591
3 2027 1823 741 487 1356 1231 1315
4 2172 1788 1096 688 360 879 589
5 1150 1350 816 577 324 254 380
6 754 504 667 158 289 140 132
7 1162 1689 1339 239 272 289 186
1+ 8244 7610 3925 2883 3258 3729 3203
1989 1950 1991 1552 1593 1594 1995
1 0o 00 00 Q0 00 00 00
b 1020 650 403 538 253 391 629
3 202 1654 1252 618 849 516 649
4 488 557 1045 757 328 560 328
5 184 215 277 5339 398 137 454
& 188 74 84 153 225 153 88
7 147 45 155 141 112 252 132
1+ 2929 3234 3256 2750 2203 2050 2279
15%6 1597
1 00 00
2 956 270
3 1251 1476
4 691 1080
5 237 552
[ 381 148
7 - 438 213
1+ 35854 3749
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Appendix 2. Results of 1000 bootstrap realizations of the ADAPT VPA calibration for
Georges Bank winter flounder (Run 15). ' '

The number of bootstraps: 1000
Bootstrap CQutput Variable: N hat

NLLS BOOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN StdError - NLLS SCLN
N 2 774 824 275 0.386
N 3 1568 1646 506 -0.32
N 4 2097 2174 668 0.32
H B 797 833 237 0.30
N & 331 345 104 9.31
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE . ETD ERROR BIAS FOR EBIAS ESTIMATE
N2 50 08 6.44 724 0.373705
N2 78 16 4.98 1490 0.339505
N 4 77 21 3.6% 2012 0.230816
NS5 36 o8 4.53 761 0.311763
N & 14 03 4.35 318 ©0.32818%
Bootstrap Output Variable: Q_unscaled
NLLS BOQOTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN StdError NLLS SOLN
g Us_spl 0.0000204 ¢.0000206 0.0000042 0.20
g US_sp2 0.0001262 ¢.0001373 0.0000243 0.18
q US_8&p3 0.0002308 0.0002343 0.00004C6 0.18
g US_Sp4 0.0002772 0.0c02818 0.0000550 0.20
g US_Sps 0.00027565 g.o0oz28l12 0.0000529 0.19
g US_Spé 06.0003320 0.0003356 0.0000633 0.19
g Us_ Sp7 0.0001947 0.0002021 0.0000454 06.25
g Us_Al2 0.0000707 C.0000712 0.0000123 0.17
¢ US_A23 $4.0001850 0.0001877 0.0000358 0.1%
g US_A3z24 0.0002254 0.0002295 0.0000437 0.12
g Us_R4s 0.0002447 0.0002515 Cc.0000482 0.20
g US_Abs 0.0002462 0.0002501 0.0000535 0.22
g US_Ré&7 0.0002023 0.0002088 0.0000474 0.23
g Can Spl 0.0000356 0.0000367 0.o000084 G.24
q Can_Sp2 0.0001954 0.0002038 C.0000443 G.22
g Can &p3 0.0002938 G.0002983 0.0000670 0.23
g Can_ Sp4 0.0002287 0.0003032 0.0000869 0.22
q Can 8p5 0.0002789 0.0002833 C.0000618 0.22
g Can_Spé 0.0002246 0.0002318 0.0000502 0.22
q Can_Sp7 0.0001481 0.0001502 0.0000332 0.22
NLLS EST C.V. FOR
BIAS BIRS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
g US_spl 0.00000023 0.000000132 1.15¢0C 0.000020163 .21
q US_sp2 0.00000108 0.0000007658 0.785 0.000135108 0.18
a US_sSp3 0.00000345 0.000001285 1.496 0.000227361 0.18
g US_Sp4 0.00000463 0.000001738 1.670 0.0002725563 0.20
q US_Sps 0.00000468 0.000001674 1.682 0.000271851 0.1%9
q UsS_8pé 0.00000363 0.000002000 1.0858 0.000328244 c.19
g Us_Sp7 0.00000737 0.000001562 2.786 0.000187316 0.26
g US_alz 0.00000050 0.000000388 0.71¢ 0.000070158 0.17
g US_AZ23 0.00000269 0.000001135 1.452 0.000182353 0.20
q US_A34 0.00000405 0.000001382 1.787 0.000223357 0.20
g US_AR45 0.00000678 0.000001523 2.772 0.0002378581 0.20
g US_A56 0.00000353 0.000001682 1.558 0.000242222 0.22
g US_A&7 0.C0000652 0.0000014598 3.223 0.000125789 0.24
g Can_Spl 0.00000102 0.000000266 2.847 0.000034633 0.24
g Can_ Sp2 0.0000044¢6 0.000001400 2.236 0.000194885 0.23
g Can Sp3 0.00000470 0.000002118 1.600 0.000288887 ¢.23
g Can_S8p4 0.00000452 0.000002115 1.512 0.0002354177 0.23
g Can_Sps 0.00000445 0.000001956 1.556 0.000274437 0.23
g Can_S8pé 0.00000721 0.cpoo0001588 3.209 C.000217424 0.23
g Can_S5p7 0.00000210 0.000001049 1.417 0.000146005 0.23
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Bootstrap Cutput Variable: N tl

NLLS BOOTSTRAP BOOTSTRAPE C.V. FOR
ESTIMATE MEAN StdError WLLS SOLN
Age 1 4197.3 4211.7 137.8 0.0328
Age 2 774.3 824.2 275.1 0.,3552
Age 3 1568.0 1646.0 505.8 0.3226
hAge 4 2096.8 2174.1 668.1 0.3186
Age & 796.3 832.9 237.2 0.2977
Age 6 330.6 345.0 103,18, 0.3139
Age 7 121.7 122.8 25.5 0.2095
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
Age 1 14 .35 4 .36 0.342 4182.95 0.03
Age 2 49,91 8.70 6.445 724 .42 0.38
Age 3 78.03 le.00 4.878 1488.92 0.34
Age 4 77.31 21.13 3.687 2019.46 0.33
Age 3 36.06 7.50 4.526 760.79 0.31
Age 6 14.38 3.28 4.350 316.24 0.33
Age 7 1.09 0.81 0.8595 120.60 0.21
Bootstrap Output Variable: F t
NLLS BOOTSTRAR BOOTSTRAP C.vV. FOR
ESTIMATE MEAN StdError RLLS SOLN
Age 1 0.0000 0.800Q0 c.o00C 0.40
Age 2 0.2445 00,2531 G.0745 0.30
Age 3 0.3%28 0.4077 G.1107 .28
Age 4 D.5125 0.5213 0.1217 0.24
Age 5 0.3080 0.3181 0.0870 0.28
Age 6 0.4102 0.4197 D.0744 0.18
Age 7 0.4103 0.4197 0.0744 0.18
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STC ERROR BIAS FOR BIAS ESTIMATE
Age 1 0.0000002 '0.0000000 5,661 ¢.0000011 0.43
Age 2 0.0085851 0.0023565 3.512 ¢.2358821 .32
Age 3 0.03148748 0.0035008 3.787 0.3779258 .29
Age 4 0.0087768 0.0038451 1.712 0.5037450 0.24
Age 5 0.0101020 0.00275113 3.280 0.29790588 0.25
Age 6 0.0054354 C.0023538 2.301 C.4008254 0.1%
Age 7 0.0094384 0.0023538 2.301 0.4008254 .13
Bootstrap Output Variable: F full ¢
NLLS BOOQTSTRAP BOOTSTRAP C.V. FOR
ESTIMATE MEAN StdError NLLS SOLN
0.4103 0.41397 0.0744 0.18
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
0.00944 0.00235 2.30 0.40083 0.19
Bootstrap Output Variable: PR €
NLLS BOOTSTRAL BOOTSTRAP C.V. FOR
ESTIMATE MEAN StdError NLLS S0LN
Age 1 0.0000 0.0000 ¢.ooco 0.43
Age 2 0.4770 0.4800 C.1638 0.34
Age 3 0.7664 : 0.7612 C.1867 0.24
Age 4 1.0000 0.9550 G.0950 .10
Age 35 0.6010 0.6030 0.1874 G.31
Age 6 0.8005 G.7790 0.1025 0.13
Age 7 0.8005 c.7790 ¢.1025 0.13
NLLS EST C.V. FOR
BIAS BIAS PERCENT CORRECTED CORRECTED
ESTIMATE STD ERROR BIAS FOR BIAS ESTIMATE
Age 1 0.00000 0.000000" 2.51 0.00000222 0.44
dge 2 0.003035 0.005180 0.64 0.47393858 Q.35
Age 3 ~0.00507 0.0055905 -0.66 0.77147689 0.24
Age 4 -0.045803 0.00312% -4.50 1.04504841 0.09
Age 5 0.00208 0.005325 0.35 0.59888341 6.31
Age € -0.02148 0.003242 ~2.68 0.821926551 G.12
Age 7 -0.02148 0.003242 -2.68 0.82186551 0.12
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Bootstrap Output Variable:

PR mean

NLLS
ESTIMATE
Age 1 0.0000C
Age 2 0.3595
Age 3 0.5161
TAge 4 0.7448%
Age 5 0.6417
Age 6 0.6841
Age 7 0.6841
BIAS
ESTIMATE
Age 1 0.00000
Age 2 ~0.00498
hge 3 -0.00873
Age 4 -0.01421
Age 5 ~0.0057%9
Age € -0.00855
Age 7 -0.00855

Bootsetrap Output Variable:

.3546
.5074
L1307
L6359
L6766

MEAN
0.0000
0
o]
0
o]
0
0.68756

BOOTSTRAP
StdError
.0o0o
L0435
. 0435
L0397
.0B853
0627
L0627

oOoOQCO0DO0

DPERCENT

BIAS
-0.5%9
-1.3%
-1.69
-1.91
-0.9¢
-1.25
-1.25

NLLS EST
CORRECTED
FOR BIRS
0.C000472
.3645233
.5248122
. 7590629
.6475190
LE6526717
.6826717

00000

C.V. FOR

CORRECTED

ESTIMATE
0.17

DO OO0 0
R
[

ESTIMATE
3543 .5730

BIAS
ESTIMATE
132.8778

Bootstrap Cutput Variable:

BOOTSTRAP
MEAN
4076 ,4568

BIAS
STD ERROR
17.6018

88B £ mean

BOOTSTRAP
StdError

556.6180

PERCENT
BIAS
3.37

NLLS EST

CORRECTED

FOR BIAS
3810.7012

C.V. FOR

CORRECTED

ESTIMATE
0.15

ESTIMATE
1500.64432

BIAS
ESTIMATE
241.313

Bootstrap Output Variable:

BOOTSTRAP
MEAN
1741.3573

BIAS
5TD ERRCR
T.794

SSB spawn t

BOQTSTRAP
StdError

246.4637

PERCENT
BIAS
l6.08

NLL3Z EST

CORRECTED

FOR EBIAS
125%.331

C.V. FCOR

CORRECTED

ESTIMATE
0.20

NLLS
ESTIMATE
3536.8613

BIAS
ESTIMATE
$3.08

BOOTSTRAP
MEAN
3635.9208

BIAS
STD ERROR
14.69

~ BOOTSTRAP
StdError

464 .4455

PERCENT
BIAS
2.80

NWLLS EST

CORRECTED

FORE BIAS
3437.80
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Appendix C3. ASPIC Surplus Production Model of the Georges Bank winter flounder assessment. Q’s
were fixed using the results from the ADAPT VPA calibration.

Georges Bank Winter Floundey -- ASPIC 3.6x -- Two Indices Fage 1
16 Ot 1998 at 10:25

ASPIC -- A Surplus-Production Model Including Covariates {Ver. 3.65) FIT Mode

Author: Michael H. Prager
National Marine Fisgheries Service
Southwest Fisheries Science Center
3150 Paradise Drive
Tiburon, California %4%20 USA

CONTROL PARAMETERS USED (FROM INPUT FILE)

Number of years analyzed: ’ 34 Numbher of bootstrap trials: 1]
Number of data series: 2 Lower bound on MSY: 1.C000E+00D
Objective function computed: in EFFORT Upper bound on MS5Y: . 5.0C0E+02
Relative conv, criterion (simplex;: 1.000E-0Q8 Lower hound on 1! 1.000E-01
Relative conv, criterion (restart): 3.000E-08 Upper bound on ¥ 1.00CE+DL
Relative conv. criterion (effort): 1.000E-04 Random number seed: 1954285
Maximum ¥ allowed in fitting: 5.000 Monte Carlo search trials: 50000
PROGRAM STATUS INFORMATION (NON-BOOTSTRAPPED ANALYSIS) code 0

Kormal convergence.

CORRELATION AMONG INPUT SERIES EXPRESSED AS CPUE (NUMBER OF PAIRWISE OBSERVATIONS BRELOW)

1 USA Fall SBurvey i 1.000
I 34
2 USR Spring Survey i 0.243 1.000
i 30 30
i 2

GOODNESS-0F-FIT AND WEIGHTING FOR NOK-BOCTSTRAPPED ANALYSIS

Weighted Weighted Current Suggested R-squared

Loss component number and title SSE N MSE weight weight in CPUE
Legs(-1) 5SE in yield 0.CO0DE+QQ

Loas{ ©) 'Penalty for BIR » 2 0.CO0E+0QD 1 N/A 1.000E+00 N/A

Logs{ 1) USA Fall Survey 1.037E+401 34 3.241E-01 1.000E+00 8.767E-01 0.2585
Loss{ 2) USA Spring Survey 6.580E+00 390 Z.493E-01 1..000E+00 1.140E+00 0.237
TOTAL OBJECTIVE FUNCTION: 1.73500742E+01

Number of reshtarts reguired.for convergence: 4

Est. B-ratio coverage index (0 worat, 2 best): 0.9673

Est. B-ratio nearness index (0 worst, 1 best): 1.c000

MCDEL PARAMETER ESTIMATES [NON-BCOTSTRAPFED)

Parameter Estimate Starting guess Eetimated User guess

B1R Starting bicmass ratio, year 1564 €.571E-01 1.000E+00 1 1

M5Y Maximum sustainable yield 2.984E+400 2.500B+80 1 1

X Intrineic rate of inqgrease 6. 566E-01 4.000E-01 ' 1 1

........ Catchability coefficients by fishery:

gl 1} USA Fall Survey 2.410E-01 2.410E-01 ] 1

ql 2} UEBA Spring Survey 3.550E-01 J.550E-01 ¥ 1

MANAGEMENT PARAMETER ESTIMATES (NKON-BOOTSTRAPPED)

Parameter : Estimate Formula

M3Y Maximum sustainable yield 2.3B4E+00 ¥r/4

K Maximum stock biomags 1.B1BE+01

Bmay Stock biomass at MSY 9.08BE+00 X/2

Fmsy Fishing mortality akt MSY 3.283E-01 /2

F(0.1) Management benchmark 2.955E-01 9.9*Fmsy

Y{p.1) Equilibrium yield at F{0.1) 2.554E+00 0.99*MEY

B-ratio Ratic of B{15598) to Bmsy &.627E-01

F-ratio Ratio of F(1597) to Fmsy 7.945E-01

Y-ratio  Proportion of MSY avail in 1998 B.BE2E-0G1 2+Br-Br*2 Ye (1998 = 2.644E+00

....... . Fishing effort at MSY in units of each fishery:
Emey({ 1} USA Fall Survey 1.362E+00 ©/2g( 1) £(0.1) = L.226E+00
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ESTIMATED POPULATICH TRAJECTORY (NON-BOOTSTRAFPED)

Obs

W o -3 h o bk b

Year
oxr ID

1864
1565
1566
1967
1968
1369
19870
1971
1972
1873
1972
18975
1978
1977
1578
1879
1980
1981
1982
1983
1284
1285
1286
1387
1588
1289
1550
19851
1882
1593
1594
1585
1596
1%97
19958

Estimated
total
F mort

0.230
0.215

OOO 0000000000000 00C00R0O0Q0
S
[
w

Egtimated
starting
bigmass

5,371E+00
7.208E+00
8.445E+00
§.2278+00
5.B53E+00
1.078E+01
1.112E+01
1.122E+01
9.%44E+00
8.409E+00
8.359E+00
5.160E+0Q0
9.207E+00
1.028E+01
2.642E+00
9.371E+00
8.2BBE+0Q
8.290E+00
7.183E+00
7.052E+G0
5.B63E+00
4.303E+00
4.301E+00
4., 743E+00
4,301E400
3.,424E+00
3.3408B400
3.130E400
2 .965E+00
2.677E+00
2.433E+00
2.987E+00
4.058E+00
4.942E+00
£.022E+00

Estimated
average
biomass

6.535E+00
7.B40E+00
8.B51E+00
9.555E+0D
1.0348+401
1.036E+01
1.1178+01
1.053E+01
S.113E+00
B.404E+00
8.7S5E+00
S.185E+C0
9.766E+00
g.940E+00
9.499E+00
9.327E+00
8.753E+00
7.701E+00
7.117E+00
§.416E+00
5.023E+00
-305E+Q0
L525E+00
.513E+00
.836E+00

L232E+00
.045E+00D
.816E+00
.581E+020
.696E+00
-4596E+00
W497E+00
5.482E+00

B R R R W LW WL B e

.381lE+00

Observed
total
yield

1.317E+0Q

1.687E+00.

2.137E+0D0C
2.345E+00
2.001E+0Q
2.51BE+00
2.718E+00
4.183E+8¢0
4 .512E+00
2.976E+00
2.21BE+00
2.537E+090
1.889E+00
3.594E+00
1.250E+00
3.064E+00
3.975E+00
4.012E+00
2.980E+00
3.911E+00
3.933E+00
2.165E+00
1.788E+00
2.671E+00
2.861E+00
1.B82E+00
1.554E+00
1.83C0E+00
1.850E+00
1.6584E+00
2.720E-01
7.600E-01
1.33&8E+00
1.430E+00

Medel
total
yield

1.517E+00
1.687E+00
Z.157E+00
2.345B+400
2.001E+00
2.518H+00
Z.719E+00
4.183E+00
4.5312E+00
2. 976E+00
2.218E+00
2.537E+00
1.889E+00
3.504E+00
3.250E+00
3.064E+00
3.975E+00
4.012E+00
2.9B0E+00
3.911E+00
3.923E+00
2.165E+00
1.788E+00
2.671E+00
2.B61E+0Q0
1.B92E+00
1.954E+00
1.B30E+00
1.850E+00
1.684E+00
9.720E-01
7.6608-01
1.3368+00
1.430E+00
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Estimated
surplus
producticon

2.755E+00
2.923E+00
2.980E+00
2.975E+00
2.925E+00
.BETE+00
-B27E+QD
.904E+00Q
L87TE+Q0
.967E+0D
.979E+00
-9B3E+00
.B864E+00
.856E+00
.377E+GQ
.982E+00
L8TTE+00
.911B4+G0
.B43E+00
.722E+00
.3BOE+0O
L157E+00
L231E+00
.227E+00
. 2B5E+00
.BO7E+00
. 745E+00
.EE4E+00
-562E+00
.440E+00
.S07E+00
.850E+00
L220E400
.511E+00

NMERAPHEPRERERPRNOMDORNBNRNDRODNNRNNR RN R

(S

Ratio of .

F mort
to Fmsy

7.006E-01
£.554E-01
7.560E-01
T.4B8E-01
5.856E-01
7.000E-01
T.412E-01
1.210E+00
1.50BE+00
1.073E+0Q
7.682E-01
§.739E-01
5.892E-01
1.101E+00Q
1.042E+00
1.001LE+0D
L.383E+00
1.587E400
1.275E+480
1.B57E+C0
2.385E+00
1.532E+00
1.203E+400
1.803E+00
2.272E+00
1.704F+00
1.842E+00
1.820E+00
2.001E+00
2.C1IE+00
1.098E+00
&.622E-01
9.048E-01
7.845E~-01

DU W R M W W W W U 0y -d B P QW e R g

Ratio of
biomass
to Bmsy

.5371E-01
-532E-01
.292E-01
-0L3E+00C
.DB4E+00
L1BERE+Q0
LZ223E+00
.23RE+0Q0
.094E+00
.Z53E-01
L243E-01
.008E+Q0
.013E+00
-131E+00
.061E+00C
L031E+00
.022E+00
-122E-01
.910E-01
.780E-01
-451E-01
-742E-01
. 733E-01
L221E-03
-732E-01
J16BE-01
LE75E-01
-444E-01
.262E-01
L546E-01
.677E-01
L265E-01
.465E-01
L43BE-01
.627E-01
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RESULTS FOR DATA SERIES # 1 (NON-BOQTSTRAPPED) USA Fall Survey
Data type CC: CPUE-catch series ‘ . Series weight: 1.000
Ohgerved Estimated Estim chbserved Model Resid in Resid in
Obs Year effort effort F yield yield 1log effort vield
1 1964 8.3258E-01 9.544E-01 0.230C 1.517E+00 1.517E+00 -0.13657 0.000E+0QC
2 15965 8.,2298-01 B,92Z5%E-01 0.2152 1.687E+00 1.6B87E+00 -0.08161 0.G00E+00Q
3 1966 3.BBEE-01 1.030E+00 0.2482 2.187E+00 2.197E+00 -0.574596 0.000E+00
4 1987 1.133E+00 1.02Z0E+00 0.2458 2.349E+00 2.3459E+00 0.1046]1 0.000E+00
5 1968 1.867E+00 8.03Z2E-01 0.1836 2.001E+00Q 2.00XE+CO 0.84322 0.0CQCE+00
6 1865 1.056E+00 9.536E-01 0.2298 2.518E+00 2.518E+00 0.10179 C.Q000E+00
7 1370 4.150E-01 1.010E+00 0.2433 2.719E400 Z.719E+00 -0.87570 C.GQO0E+00
8 1971 3,322E+00 1.648E+00 0.3972 4.183E+00 4.1B3E+00 0.70095 0.CO0E+00
= 1872 2.856E4+00 Z2.054E400 0.4851 4 .5128+00 4.512E+00 £.32931 0.000E+00
1c 1973 2.490E+00 1.4659E+400 0.3541 2.976E+00 2.976E+00 c.52758 0.000E+00
11 1974 1.515E8+00 1.046E+00 0.2522 2.,218E+00 2.218E+00 0.37000 0.000E+00
12 1975 1.425E+00C 1.327E+00 0.3158 2.937E+00 2.8337E+00 0.07139 0.000E+00
13 1876 4.813E-01 B8.028E-01 C.1934 1.889E+00 1.8B9E+00 -0.51146 0.000E+0Q0
14 1877 9.003E-01 1.500E+00 C.36l6 3.594E+00 3.594E+00 -0.51070 0.000E+Q0Q
15 1978 1.0648E+00D 1.420E+00 C.3422 3.250E+00 3.250E+0Q -0.30321 0.000E+00
16 1979 8.002E-01 1.3638+00 0.3285 3.064E+00 3.064E+0C -0.53263 0.000E+00
17 1580 2.131E+00 1.884E+00 0.4541 3.975E+00 3.375E+00 0.12323 0.000E+00
18 1981 1.64BE+00 2.162E+00 0.5210 4 .012E+00 4.012E+00 -0.27118 C.000E+00
19 1982 1.107E+00 1L.737E+00 0.4187 2.980E+00 2.980E+00 -0.45074 0.000E+00Q
20 1983 1.6558+00 2.529E+00 D.6056 3.811E+00 3.911E+00 -0.42413% 0.000E+00
21 1584 1.605E+00 3.249E+00 0.78B30 3.933E+00 3.833E+00 -0.70303 0.000E+00
22 1885 1.9255+00 2.087E+00 0.502¢% 2.165E+00 2.165E+00 ~0.07559 0.CO00E+00
23 1986 8.203E-01 1.632E+00 0.3951 1.78BE+0C 1.788E+00 -0.69166 0.000E+00
24 1987 3 .004E+00 2.456E+00 0.59%19 2.671E400 2.671E+Q0D 0.20163 C.0COE+00Q
25 1688 2.247E+00 3.085E+00 0.7458 2.8B61E+0Q 2.B681E+00 ~-0.31998 0.0C0E+00
26 1589 1.800E+00 2.322E+00 0.55%¢6 1.892E+00 1.892E+G0 -0.25455 C.000E+00
27 1880 5.647E+00 2.508E+00 C.6047 1.354E4+00 1.954E+00 0.81134 0.000E+QQ
28 1951 1.346E+01 2.494E+00 D.6010 1.B30E+00 1.830E+00 1.68565 C.000E+00
29 1992 4.B18E+00 2.726E+00 0.6570 1.850E+00 1.850E+00 0.56941 0.0CG0E+00
30 1953 2.540E+00 2.739E+00 0.6601 1.6B4E+00 1.684E+00 -0.07551 C.0C00E+0D
31 1924 1.682E+00 1.436E+Q0 0.3606 8.720E-01 9.720E-01 0.11682 C.C00E+00
32 1698 C.6884E-01 5.021E-01 0.2174 7.600E-01 7.600E-01 -0.46187 C.000E+00
33 19586 7.608E-01 - 1.233E+00 0.2571 1.336E+00C 1.336E+00 ~0.48254 0.C00E+00
34 1937 9.3228-01 1.082E+00 0.2609 1.430E+00 1.430E+00 ~0.14535 0,000E+00
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UNWEIGHTED LOG RESIDUAL PLOT FOR DATA SERIES # 1 .
-2 ~1.5 -1 -0.5 . 0 0.5 . 1 1.5 2

Year REBIAUAL m - m s m s e e e e e e e e e e e e e e e e

1964 -0.1356 A ===
1365 -0.081¢6 ==
1966 -0.9750 cmms=mmzszsamsesmeas
1967 0.1046 C ==
1968 0.8432 mmesmmsmmoo—ccsoos
1969 0.1018 ==
1970 -0.8797

1971 0.7010

1972 0.3293

1973 0.5276

1974 0.3700

1975 0.0714

1976 -0.5115

1977 -0.5107

1978 -0.3032

1879 -0.5326

1980 0.1232 .=
1981 -0.2712

1982 -0.4507

1983 -0.4241

1584 -0.7030

1985 -0.0756

1986 -0.6917

1987 0.2016 : S
1988 -0.3200 =
1588 -0.2546

1890, 0.8113

1991 1.6856

1992 0.5694

1993 -0.0755 : ==
1994 0.13168 -
1995 -0.4519 '
1936,  -0.4825

1997 -0.1494
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RESULTS FOR DATA SERIES # 2 (NON-BCOTSTRAFPED) USA Spring Survey
Data type ID: Start-of-year biomass index . Series weight: 1.000
Chserved Estimated Estim Observed Model Resid in kesid in
Chs Year effort effort F index . index log index index
1 1964 0.000E+00 0.C00E+00 0.0 * 2.120E+00 0.00000 c.0
4 1865 0.000E+00 0.000E+00 0.0 * 2.558E+00 0.00000 c.o
3 1966 0.0008+00 G.0GDE+00 0.0 * 2.598E+00 c.00000 Q.0
4 1967 0.0C0E+0D C.00Q0E+0QQ 0.0 » 3.276E+00 0.00000 0.0
5 1968 1.C000E+0C 1.000E+00 0.0 3.114E4+00 3.4988+00 -0.11624 -3.835E-01
[ 1963 1.000E+00 1.000E+00 9.0 4,290E+00 3.826E+00 G.11452 4.642E-01
7 1570 1.000E+00 1.000E+00 0.0 2.294E+00 3.846E+00 -0.54245 -1.652E+00D
L] 1971 1.000E+00C 1.C000E+00 0.0 2.168E+00 3.984E+00 -0.60857 -1.816E+00
9 1872 1.000E+00 1.C00E+00 0.0 5.321E400 3.530E+00 0.41032 1.791E+00
10 1873 1.000E+G0 1.C00E+00 0.0 3.507E+00 2.985E+00 0.16113 5.2198-01
11 1974 1.00CE+QO 1.000E+00 0.0 5.78ZE+00 2.982E+400 0.66222 2.800E+00
12 1575 1.000E+CD 1.000E+00 0.0 1.407E+00 3.252E+00 -0.8377%8 ~1.845E+00
13 1576 1.000E+00 1.000E+00 0.0 3.012E+00 3.26BE+00 -0.08169 -2.564E-01
14 1577 1.00CE+00 1.000E+0C 0.0 1.580E+00 3.650B+00 -0.8B372¢€ -2.070E+00C
15 13878 1.000E+00 1.000E+00C c.0 5.055E+00 3.423E+00 0.38973 1.632E+00
16 1979 1.000E+00 1.000E+00 0.0 2.206E+00 3.327E+00 ~0.41078 -1.121E400
17 1980 1.000E+00 1.000E+00 0.0 2.801E+00 3.287E+00 ~0.1le3l6 -4.964E-01
18 1981 1.000E+00C 1.00CE+00 0.0 3.749E+00 2.943E+00 0.24207 8.060E-01
18 1982 1.000E+00 1.000E4+CO c.0 1.523E+00 2.552E+00 -0.51618 -1.028E+00
20 1983 1.000E+00 1.000E+C0D c.0 7.111E+00 2.503E+00 1.04387 4.60BE+00
21 1584 1.000E+00 1.000E+00 c.o 5.6C4E+00 2.0B1E+00 0.582053 3.5238+00
22 1585 1.000E+00 1.000E+00 0.0 2.650E+00 1.530E+00 0.549486 1.120E+00
23 19888 1.000E4+00 1.000E+00 0.0 1,214E+00 1.527E+00 ~-0.22940 -3.,130E-01
24 1987 1.000E+00 1.000E+00C 0.0 1.247E+00 1.684E+00 -0.30053 -4.373E-01
25 1588 1.000E+00 1.0008+00 0.0 1.648E+00 1.527E+00 0.07845 1.213E-01
2€ 1588 1. 00CE+0Q 1.000E+00 0.¢ 7.570E-01 1.216E+C0 -0.47369 -4.587E~-01
27 18980 1.000E+0Q 1.000E+00 c.¢Q 1.573E+00 . 1.186E+00 0.28278 3.B75E-0L
28 1981 1.000E+00 1.000E+00C 0.0 1.315E+0C0. 1.111E+00 C.17143 2.078E-01
29 1592 1.000E+00 1.000B400 c.0 B.380E-01 1.052E+00 -0.15869 -1.544E-01
30 1593 1.006E+00 1.000E+Q0C ¢.0 5.700E-01 9.503E-01 -0.51114 -3.B03E-0L
ai 1954 L.000E+00Q 1.000E+00 0.0 5.780E-01 8.636E-01 ~0.40188 -2.B56E-01
32 1985 1.00Q0E+00 1.000E+00 0.0 1.485E+00 1.083E+00 0.34606 4.356E-01
33 19%6 1.000E+00 1.000E+CO c.0 1.504E+00 1.441E+00 0.04314 6.350E~02
34 1997 1.000E+00 1.0Q00E+G0 0.0 L.192E400 1.754E+00 -0.38648 -5.623E-01

* Asterisk indicates missing value(s).
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UNWETGHTED LOG RESIDUAL PLOT FOR DATA SERIES # 2
. =2 -1.5 -1 -0.5% o] 0.5 1 1.5

Year Residudl &  — - e e m oo e e e e e oo Rt et

1964 5.0000
1965 0.0000

1966 0.0000

1967 2.0000

1968 -0.1162 ==
1969 0.1145 ==
1970 -0.5425

1971 ~-0.6086

1572 0.4103

1573 0.1611

1974 0.6622

1875 -0.8378

1576 -0.0817

1977 -0.8373

1978 0.3897

1979 -0.4108

1980 10.1632

1981 0.2421

1982 -0.5162

1882 1.0440

1984 0.9%05

1285 0.5495

1486 -0.2294

1387 -0.3006

1388 0.0754 ==
188% -0.4737 m=Emo===s=
1390 0.2828

1591 0.1714

1582 ~0.1587

1993 -0.5111

1994 -0.4016

1995 0.3461

1998 5.0421

1997 -0.3865
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observed {0) and Estimated (*) CPUE for Data Series # 1 -- USA Fall Survey .
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Time Plot of Estimated F-Ratio and B-Ratio
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